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ABSTRACT 
Studies were undertaken to evaluate the potential of particulate air 
pollutants for the growth performance and productivity of potato {S. 
tuberosum L. var. Kufri Alankar), the main vegetable of India. It was 
tried to standardize the beneficial level and mode of application of the 
particulates. Three major particulates of India viz. fly ash, brick kiln dust 
and cement dust were selected. Fly ash used in the experiments was 
collected from the Thermal Power Plant located at Kasimpur, 16 km 
away from Aligarh. Brick kiln dust was collected from brick kiln situated 
at Manzoor Garhi, 12 km away from Aligarh, and cement dust from Birla 
Cement Agency, 7 km away from the experimental site. Particulates were 
applied to soil as well as dusted over the surface of plants. Five 
experiments with each particulate both in soil application as well as in 
foliar application were conducted. So, there were total 15 experiments (3 
particulates x 5 experiments x 1 potato crop =15). 
FLY ASH 
First experiment was conducted to analyze the physico-chemical 
properties of various levels of fly ash in soil application (0, 5, 10, 15, 20, 
25, 30, 40 and 50%), before planting of potato crop. The pH, EC, CEC, 
WHC, pore space, sulphate, chloride, phosphorus, potassium, 
magnesium, zinc, manganese and boron were increased in all the levels of 
fly ash. While, nitrogen was decreased gradually as the levels were 
increased. 
Second experiment was conducted to analyze the physico-chemical 
properties of various levels of fly ash in soil application (0, 5, 10, 15, 20, 
25, 30, 40 and 50%), after harvesting of potato crop. The pH, EC, CEC, 
WHC, pore space, chloride, magnesium, zinc, manganese and boron were 
increased gradually at all the levels. However, sulphate, phosphorus and 
potassium were first decreased upto certain levels, and then increased in 
subsequent levels. Nitrogen was recorded only in control. 
Third experiment was conducted to observe the impact of various 
fly ash levels in soil application (0, 5, 10, 15, 20, 25, 30, 40 and 50%) on 
plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plant, and protein and carbohydrate contents of tubers 
ofS. tuberosum. Application of fly ash in soil from 5% to 25% levels was 
found beneficial for plant growth, yield, biomass, photosynthetic 
pigments, carbohydrate contents, and phosphorus and potassium 
concentrations of plant, and highest increase was recorded at 15% level. 
Then gradually all the above parameters were declined. However, 
nitrogen concentration of plants and protein contents of tubers were 
decreased in all the treatments. 
Fourth experiment was conducted to evaluate the effect of foliar 
application of fly ash (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 g/mVday) on 
plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of tubers. 
Dusting of fly ash caused a significant adverse effect on all the above 
parameters in all the doses, except in 0.25 g/mVday dose. None of the 
doses of foliar application was found suitable for the improvement of 
potato crop. 
Fifth experiment was conducted to study the effects of foliar 
application of fly ash (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 gW/day) on 
epidermal characters of leaves. The number and size (length and width) 
of stomata, and size (length and width) of stomatal aperture on both the 
surfaces gradually and significantly decreased in general with the 
increase in fly ash doses. While, number and length of trichomes were 
increased in all the doses of fly ash. 
BRICK KILN DUST 
Sixth experiment was conducted to analyze the physico-chemical 
properties of various levels of brick kiln dust in soil application (0, 5, 10, 
15, 20, 25, 30, 40 and 50%), before planting of potato crop. The pH, EC, 
CEC, WHC, pore space, sulphate, chloride, phosphorus, magnesium, 
zinc, manganese and boron were increased at all the levels of brick kiln 
dust. While, nitrogen and potassium were decreased at all the levels. 
Seventh experiment was conducted to analyze the physico-
chemical properties of various levels of brick kiln dust in soil application 
(0, 5, 10, 15, 20, 25, 30, 40 and 50%), after harvesting of potato crop. The 
pH, EC, CEC, WHC, pore space, sulphate, chloride, zinc and boron were 
increased gradually as the levels were increased. Nitrogen was recorded 
only in control and at 50% treatment. However, phosphorus and 
magnesium were decreased gradually upto 30% levels; and potassium as 
well as manganese upto 40% levels, and then they increased in 
subsequent levels. 
Eighth experiment was conducted to observe the impact of various 
brick kiln dust levels in soil application (0, 5, 10, 15, 20, 25, 30, 40 and 
50%) on plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of tubers 
of S. tuberosum. Application of brick kiln dust in soil from 5% to 40%) 
was found beneficial for plant growth, yield, biomass, photosynthetic 
pigments, carbohydrate contents, and phosphorus and potassium 
concentrations of plants. The highest increase in above parameters was 
recorded at 25%) level. At 50%) level, there was marked reduction in all 
these parameters. However, nitrogen concentration of plants and protein 
contents of tubers were decreased gradually as levels were increased. 
Ninth experiment was conducted to observe the effects of foliar 
application of brick kiln dust (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 
g/mVday) on plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of tubers 
ofS. tuberosum. None of the doses of foliar application of brick kiln dust 
was found beneficial for the growth and productivity of potato crop. As 
the doses were increased, all the considered parameters were decreased.. 
Tenth experiment was conducted to evaluate the effect of foliar 
application of brick kiln dust (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 
g/m /day) on epidermal characters of leaves of potato. The number and 
size (length and width) of stomata, and size (length and width) of 
stomatal aperture on both the surfaces of leaves were gradually and 
significantly decreased with the increase in brick kiln dust doses. While, 
number and length of trichomes were increased in all the doses. 
CEMENT DUST 
Eleventh experiment was conducted to analyze the physico-
chemical properties of various levels of cement dust in soil application (0, 
5, 10, 15, 20, 25, 30, 40 and 50%), before planting of potato. The pH, EC, 
CEC, were increased with respect to the levels. Whereas, WHC, pore 
space, sulphate, chloride, nitrogen, phosphorus, potassium, magnesium, 
zinc, manganese and boron were decreased gradually as levels were 
increased. 
Twelfth experiment was conducted to analyze the physico-
chemical properties of various levels of cement dust in soil application (0, 
5, 10, 15, 20, 25, 30, 40 and 50%), after harvesting of potato crop. The 
pH, EC, CEC, sulphate, nitrogen, phosphorus, potassium and magnesium 
were increased at all the levels. While, WHC, pore space, chloride, zinc 
and manganese were decreased at all the levels. However, boron was 
increased upto 20%) level, and then it declined in subsequent treatments. 
Thirteenth experiment was conducted to observe the impact of 
various cement dust levels in soil application (0, 5, 10, 15, 20, 25, 30, 40 
and 50%)) on plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of tubers 
of iS. tuberosum. All the levels of cement dust were found harmftil for all 
the above parameters of potato crop. Onwards 25%o level the plants could 
not be survived. Most of the parameters could not be observed after 20% 
level. 
Fourteenth experiment was conducted to evaluate the effect of 
foliar application of cement dust (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 
g/m^/day) on plant growth, yield, biomass, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of tubers 
of iS. tuberosum. Dusting of cement dust caused significant adverse effect 
on a\\ the above parameters. As the doses were increased, the values of 
above parameters were decreased. 
Fifteenth experiment was conducted to study the effects of foliar 
application of cement dust (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 
g/mVday) on epidermal characters of leaves of 5. tuberosum. The number 
and size (length and width) of stomata, and size (length and width) of 
stomatal aperture on both the surfaces of leaves were gradually decreased 
with the increase in cement dust levels. While, number and length of 
trichomes were increased in all the doses of cement dust. 
From the present study, it appeared that the soil application of fly 
ash and brick kiln dust at lower levels were beneficial for the potato crop 
and the most suitable levels were found to be 15% and 25% respectively. 
While the foliar application in all the doses of fly ash and brick kiln dust 
were harmful for this crop. However, both soil application as well as 
foliar application of cement dust at all the levels were found to be 
harmful to potato crop. 
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INTRODUCTION 
Population explosion, rapid industrialization, urbanization and 
intensive agriculture have caused tremendous damage to our 
environment. Man's ignorance to laws of nature and his over exploitation 
of natural resources have further aggravated the problem. Fortunately, 
during the last few years, we have started realizing our past mistakes and 
begun to make amends to prevent further degradation of our environment. 
In developing countries, air pollution has become a serious 
problem. It is caused by gaseous and particulate air pollutants. The 
gaseous pollutants such as NOx, SO2, CO, CO2, O3, NH3 and PAN are 
originated by all kinds of industries, vehicles, thermal power plants etc. 
The particulate air pollutants such as fly ash, cement dust, brick kiln dust, 
soil dust, textile dust, metallic dust, lime dust, pesticides dust etc. are 
originated both by natural and anthropogenic means (Das, 1986). 
Industrial and other activities like mines, stone-crushers, factories, brick 
kiln units, cement manufacturing plants, textile units, pesticide units, 
thermal power plants and traffics are main sources of particulate air 
pollutants. 
In India, three particulate air pollutants viz. fly ash, brick kiln dust 
and cement dust are major problem as there are several thermal power 
plants, brick kilns and cement industries. About 85 thermal power 
stations in the country are coal based. They are using bituminous and sub-
bituminous types of coal, whicii contains 30-35% fly ash after complete 
combustion. Currently, 100 million tons of fly ash is being generated 
annually in India, with 65,000 acres of land being occupied by ash ponds. 
Such a huge quantity does pose challenging problems in the form of land 
usage, health hazards and environmental dangers. 
Brick is a common construction material widely used in developing 
countries. Generally, brick making industries are established near the 
agricultural lands in rural areas. For firing the bricks, wood and coal are 
used as ftiel. For example, in Thailand, rubber wood and saw dust are 
used as a ftiel (Prasertsan et al., 1994). In India, coal and ftiel wood 
{Acacia, Azadiracta indica, Dalbergia sissoo, Madhuka indica, 
Mangifera indica, Shorea robusta, etc.) are used. Large numbers of brick 
industries are running throughout the country. In Aligarh district near 
about 250 brick kilns are in working order. The process for making one 
round bricks takes the time of maximum 15 days to one month. In one 
round, near about 6 lac bricks are prepared. The consumption of coal and 
wood is about 12-18 tons for preparing one lac bricks. The complete 
combustion of fuel in brick kilns mainly consists of fluoride, carbon 
dioxide, water molecules, oxides of nitrogen, sulphur dioxide, sulphur 
trioxide and large amount of brick kiln dust. The brick kiln dust is 
actually a mixture of coal ash, wood ash and soil dust particles. Thus, 
brick kiln dust has also become a major particulate air pollutant in India. 
Cement dust is another big problem in India, which has received a 
very late attention as pollutant. India is a major producer of the cement in 
the world. There are about 70 cement factories. In 2002, the total 
production in the country was 100,000 thousand metric tons out of 
1,720,000 thousand metric tons of the world (Hendrick, 2003). Cement 
dust arises during processing of raw materials, manufacturing, milling, 
loading and unloading of cement. 
The particles going into the atmosphere may remain in air for 
varying length of time depending on their size and weight. Those 
particles having larger size than lOfo,, settle under force of gravity on 
surfaces of vegetation and soil but the smaller ones remain suspended in 
the air for longer duration (Das, 1986). After settling, particles create 
problems to crops in the vicinity of their source of origin. This depends 
on their setting rate, size, density of particles, turbulence of air and type 
of particulates as well as type of plant species. Dust particles after 
moving far away from their source of origin fall and get deposited on the 
plants especially on leaf surfaces forming a layer, which may block the 
stomatal cavities. Darley (1966) reported that deposition of particulates 
on leaf surfaces hampers transpiration, checks transmission of solar 
radiation and causes injuries and inhibition to plant in the close vicinity of 
cement industries. High particulates emission from different sources 
causes reduction in quality of vegetables and fruits growing close to the 
sources (Heck et al., 1970). 
The particulates as fly ash, brick kiln dust and cement dust are 
dumped in pits or as stock piles. However, they further need careftil 
management programmes and conservation measures in order to protect 
the immediate surroundings. Recently use of fly ash as a fertilizer has 
been advocated by some workers as it contains several micro and macro 
nutrients for growth of plants (Khan, 1989; Khan and Singh, 1996; 
Mishra and Shukla, 1986; Raghav and Khan, 2002; Wong and Wong, 
1989). The response of different plant species including crop plants to 
macro and micro nutrients, present in fly ash, may vary. The responses 
determined so far ranged from beneficial effects of small concentration of 
nutrients at low levels of fly ash content of the soil (Chang et ai, 1977; 
Druzina et ai, 1983; Singh, 1993) to toxic effects of high concentration 
of many elements at high levels of fly ash content (Chang et al., 1977). 
Brick kiln dust has also shown beneficial impact on Brassica juncea and 
Linum usitatissimum at lower levels (Upadhyay, 2004). These particulates 
actually change the physico-chemical properties of soil. If cement dust is 
applied to soil, it is expected that this would also change the physico-
chemical properties of the soil. The major crops should be evaluated for 
their performance against these particulate pollutants. The utilization of 
particulates as fertilizer in the field for crop production would also solve 
the problem of disposal. 
The potato {Solanum tuberosum L.) is one of the most important 
crops of India, because majority of people are vegetarian. The potato has 
now become a staple food for them. So keeping in view the agricultural 
uses of some of the particulates for crop production, the potato was 
evaluated against the different levels of fly ash, brick kiln dust and 
cement dust as soil application and foliar application. 
It was expected from the treatments that the fly ash and brick kiln 
dust would increase the fertility of soil, as nutrient elements are present in 
enough quantities that would ultimately enhance the plant productivity. 
However, cement dust treatments would adversely affect the plant 
productivity due to presence of some elements in excess amount. Foliar 
application of the particulates would be harmful to potato crop, as it 
would retard the photosynthetic rate due to covering of leaves surfaces 
and closing of stomata by dusts. 
The thesis is divided into three sections. The main aspects of each section 
are as follows: 
1. Analysis of soil characteristics amended with different 
concentrations of fly ash/brick kiln dust/cement dust before 
planting of 5*. tuberosum L. var. Kufri Alankar. 
2. Analysis of soil characteristics amended with different 
concentrations of fly ash/brick kiln dust/cement dust after 
harvesting of 5". tuberosum L. var. Kufri Alankar. 
3. Effect of different levels of fly ash/brick kiln dust/cement dust as 
soil application on plant growth, yield, photosynthetic pigments, 
NPK concentrations of plants, protein and carbohydrate contents of 
S. tuberosum L. var. Kufri Alankar. 
4. Effect of different doses of fly ash/brick kiln dust/cement dust as 
foliar application on plant growth, yield, photosynthetic pigments, 
NPK concentrations of plants, protein and carbohydrate contents of 
S. tuberosum L. var. Kufri Alankar. 
5. Effect of different doses of fly ash/brick kiln dust/cement dust as 
foliar application on epidermal characteristics of leaves of S. 
tuberosum L. var. Kufri Alankar. 
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LITERATURE REVIEW 
It is quite amazing to recall the speed of development from simple 
tools made from stones to the development of wheel and cart, and 
ultimately from steam engine to solid fuel propelled rockets. As modem 
man progressed, he turned to resources such as wood, coal, minerals and 
fossil fuels. In the process, he learnt to master many forms of energy and 
matter, ultimately becoming manipulator of the environment with a 
power to change the destiny of the planet. 
Therefore, man's environment is now under constant threat from 
his own activities. The expanding population is the biggest challenge to 
the quality of the environment. The developments in industrial and 
agricultural sectors to provide food and other basic amenities to the 
increasing population have further deteriorated the environment. 
Uncontrolled mechanization, over-exploitation of natural resources, 
deforestation and extensive use of chemical fertilizers and pesticides have 
brought about many changes in different components of the environment. 
On the other hand, nature has been striving hard to compromise with man 
and bear the onslaught of his activities. In fact, nature gave warning 
signals to man in the form of droughts and floods in many countries of 
the world. However, man did not care and continued to take the 
assistance of modem technology to fight with nature. 
The changes in the environment due to pollution have put the 
survival of man in danger. Preservation of the environment is, therefore, 
essential for the very existence of the human race. Proper management of 
pollutants in the environment is the only way to ensure sustained 
development of the society. It is, therefore, essential to make the masses 
aware of the changes in the quality of our environment and strategies to 
prevent the situation from worsening further (Dhaliwal et al, 2000). 
Pollution refers to any physical, chemical or biological alteration in 
the quality of air, water and soil to a degree that is harmful to living 
organisms. The agents that produce the state of pollution are called 
pollutants. Air pollutants can exist in either gaseous or particulate forms. 
Gaseous air pollutants are sulphur dioxide (SO2), oxides of nitrogen 
(NOx), carbon monoxide (CO), hydrogen fluoride (HF), ammonia (NH3), 
ethylene (C2H6) etc. Particulate air pollutants are coal dust, fly ash, brick 
kiln dust, cement dust, soil dust, suspended particulate matter (SPM) etc. 
PARTICULATE AIR POLLUTANTS 
In general, the term 'particulate' refers to all atmospheric 
substances that are not gases. Particulate matter includes those air 
pollutants, which may be in the form of solid particles or liquid droplets 
including fumes, smoke, fog, dust, pollen grains, bacteria, viruses and 
aerosols. This category includes about 5 percent of the weight of all 
pollutants present in the atmosphere. Natural dust forms about half of the 
total mass of particulate matter in the air. It is estimated that about 8 
million tons solid particles penetrate into the atmosphere everyday (Sethi 
era/., 1991). 
Particulates can be in the form of suspended droplets or solid 
particles or mixtures of the two. They can be composed of inert or 
extremely reactive materials, ranging in size from 100 |j.m to 0.1 \xm and 
less. The inert materials do not react readily with the environment nor do 
they exhibit any morphological changes as a result of combustion or any 
other process, whereas, the reactive materials could be further oxidized or 
may react chemically with the environment. Fine particles remain 
suspended in the air and transported away to a long distance when the 
strong wind blows. 
Types of Particulate Air Pollutants 
On the basis of origin, particulate matters are classified as primary 
and secondary types (Clark and Whitby, 1967). Primary particulates 
having size of about 1-20 |Lim emanated by various industrial or 
combustion processes are directly injected into the atmosphere, whereas, 
secondary particulates i.e. sulphates, nitrates, hydrocarbons and 
polycyclic aromatic hydrocarbons (PAHs) of 0.005 to several fim sized 
are the product of certain reactions occur in the atmosphere in the 
presence of sunlight. 
On the basis of form, the classification of various particulates may 
be made as follows: 
Dust: It contains particles of the size ranging from 1 to 200 jum. These 
are found by natural disintegration of rock and soil or by the mechanical 
processes of grinding and spraying. They have large settling velocities 
and are removed from the air by gravity and other inertial processes. Fine 
dust particles act as centers of catalysis for many of the chemical 
reactions taking place in the atmosphere. 
Mist: It is made up of liquid droplets generally smaller than 10 fim which 
are formed by condensation in the atmosphere or are released from 
industrial operations. 
Fog: It is the mist in which the liquid is water and is sufficiently dense to 
obscure vision. 
Fumes: These are solid particles of the size ranging from 0.1 to l|j,m and 
are normally released from chemical or metallurgical processes. 
Smoke: It contains fine particles of the size ranging form 0.01 to Ijnm 
which can be liquid or solid and are formed by combustion or other 
chemical processes; Smoke may have different colours depending on the 
nature of material burnt. 
Aerosol: Under this category are included all air-borne suspensions either 
solid or liquid; these are generally smaller than I jiim. 
Sources of Particulate Air Pollutants 
The sources of occurrence of particulate matters are the sprays, 
mist, dust from spraying and grinding of building materials, land leveling 
and clearing, forest fires, factories, diesel engines, thermal power plants, 
harvesting and thrashing of field crops, agricultural operations like 
spraying, volcanic explosion and various construction works. 
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These sources can be grouped into natural sources and men made 
sources. The natural sources are of five types: 
(i) Rock debris (dust), 
(ii) Volcanic emissions, 
(iii) Forest fires, 
(iv) Reaction between natural gas emissions, and 
(v) Dust derived fi-om wind erosion of natural, non-made 
ecosystems. 
Men made sources are grouped into four types: 
(i) Fuel combustion and industrial operations - mining, smelting, 
polishing, fiamaces, textiles, pesticides, fertilizers and chemical 
production; 
(ii) Industrial fiigitive processes - materials handling, loading and 
transfer operations; 
(iii) Non-industrial fugitive processes - roadway dust, agricultural 
operations, construction fire etc. and 
(iv) Transportation sources - vehicle exhaust and related particles from 
fire, clutch and break-wear. 
Physical Properties of Particulate Air Pollutants 
The size of the particulate matters is their most important physical 
property. The particles having the diameter 100 to 1000 pun are large dust 
particles and they settle rapidly. The smaller particles having size from 
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0.001 to 10 |am come under suspended particulate matters (Sharma, 
2001). They remain suspended in the atmosphere for very long time, 
which collide with other particles in random movement and form larger 
particles by coagulation. Most of the particulate masses in the atmosphere 
occur in the size ranging from 0.1 to 10 |im. 
Particulate air pollutants in the atmosphere can not be expressed in 
volume units and the favoured unit is the microgram per cubic meter 
(|j,g/m^). The concentration of particulates in the atmosphere may vary 
from several hundred per cubic centimeter in ultra clean air to more than 
100,000 per cubic centimeter in high polluted zones. In urban areas, the 
average levels of atmospheric particulate masses generally have been 
found to be 60 )a,g/m to 220 fig/m and levels may range up to 2000 
|ig/m^ near the vicinity, while in remote areas this level may be as low as 
10 ^ig/ml 
The rate of fall out of particle by gravity is dependent on different 
factors i.e. shape of the particle, velocity, air density, particle density, 
wind movement, turbulence, thermal conditions and electrostatics at the 
surface of the particle. The particulate matter possesses large surface 
areas and hence appears to form attractive sites for sorption of various 
organic and inorganic matters. Rai and Kumar (1999) investigated 
suitability of brick kiln dust and fly ash for removing chromium (VI) 
from wastewater. Both adsorbents exhibited fairly good sorption potential 
for chromium (VI) with a maximum at pH 1.3. 
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Chemical Properties of Particulate Air pollutants 
The chemical composition of particulate pollutants varies over a 
wide range. The actual composition is very much dependent upon the 
origin of the particulate. Particles from soils and minerals primarily 
contain calcium, aluminium and silicon compounds. Smoke from 
combustion of coal, oil, wood and solid waste contains many organic 
compounds. Insecticide dusts and certain fumes released from chemical 
plants also contain organic compounds. Hydrocarbons themselves can 
coalesce into aerosol droplets, which constitute one kind of particulate 
matter. The most harmful components of incomplete combustion are 
generally grouped as Particulate Polycyclic Organic Matter (PPOM). 
These materials are derivatives of benz-a-pyrene, a potent carcinogen. 
Dongarra and Varrica (1998) evaluated the presence and the 
distribution pattern of heavy metals in air particulate matters at Volcano 
Island, Italy. They assessed 42 lichen samples of the spp. Parmelia for 
metal contents. The elements Pb, Br, Sb, As, Cu, Zn and Au appeared to 
be enriched in lichens with respect to local crusted material. The 
distribution maps of the enrichment factors followed the main wind 
direction. An estimate indicates that particulate contaminants contain 
more than 20 metallic elements. The most abundant are calcium, sodium, 
silicon, aluminium, iron and considerable quantities of zinc, lead, copper, 
magnesium and manganese (Martens and Beahm, 1978). 
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Harmful Effects of Particulate Air Pollutants on Plants 
Long ago, Wagner (1939, 1942) advocated that the increased 
transpiration rate was due to fine particles of clay, talc and silica trapped 
in the stomatal apertures of the wet leaves of Coleus blumes. Now, there 
are many reports, which show that dusts of varying origins interfere with 
stomatal functioning mostly by filling and blocking the stomatal aperture 
(Fluckiger et al, 1978, 1979; Ricks and Williams, 1974); increasing leaf 
temperature (Eller, 1977; Fluckiger et al, 1978); transpiration (Beasley, 
1942; Eveling, 1969); reducing photosynthesis (Darley, 1966; Khan et 
al, 1997) and increasing the uptake of gaseous pollutants (Ricks and 
Williams, 1974). All these effects eventually result in poor grov^h of 
suffering plants leading to reduced yield. Dusts, when settle on leaves, 
stem and other parts of plants, cause severe damage to the plants like 
chlorosis, necrosis and death of the tissue (Darley and Middleton, 1966; 
Heck et al, 1970). Particulate emissions are considered more harmful to 
vegetation when they are highly caustic or heavy deposition occurred. 
Colwill et al (1979) observed that the dust deposited plants grown along 
roadside with highly busy traffic were poor in growth. 
Lime dust particles form encrustations on leaves of vegetation with 
a resultant reduction in photosynthesis, vigour and hardiness of the plants. 
Berger et al (1996) observed that limestone dust deposition on the leaf 
surface of vegetation growing near the lime quarry affected the vegetation 
adversely. The presence of calcium and limestone dust causes a rise in pH 
values of leaf surface and reduces the ammonium/nitrate ratio (Berger et 
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al., 1996; Dasch, 1989). The limestone dust does not form a continuous 
film all over the leaf surface but either trapped by trichomes on hairy 
surface or form aggregates on smooth surface due to which significant 
detrimental effect of limestone dust on photosynthesis and transpiration 
takes place (Gale and Easton, 1979). 
Beneficial Effects of Particulate Air Pollutants on Plants 
Recently, some of the particulate pollutants have been found 
beneficial for plant growth and productivity as they contain several macro 
and micro-nutrient elements besides heavy metals. Das (1988) observed 
that macro and micro-nutrients occur in particulates act as a 
supplementary source of nutrition for graminaceous plants. Members of 
Poaceae possess copious and numerous auricular hairs, which absorb 
chemicals from the dust. 
The application of certain particulate pollutants such as fly ash, 
brick kiln dust, saw dust, agricultural wastes, ground nut cake, Mahua 
cake, sugar factory wastes as soil amendments have given beneficial 
impacts on plant growth and yield of Brassica, Capsicum, chickpea, 
cucurbits, lentil, maize, okra, onion, pea, potato, rice, soybean, tomato, 
Vigna mungo, wheat, etc. (Khan 1989; Pasha et al., 1990; Raghav and 
Khan, 2002; Sahu and Dwivedi, 1999; Singh, 1993; Singh et al, 1994; 
Singh, 1989; VoWmQX et al, 1982; Wong and Wong, 1986, 1989). 
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Plants as Accumulator of Particulates 
The plants especially the broad leaved are good accumulator of 
dust. Das (1981) reported in a study that certain plants with simple leaves 
such as arjuna {Terminalia arjuna), banyan {Ficus benghalensis), mango 
{Mangifera indica), mast (Polyalthia), pakur (Ficus infectoria), peepal 
{Ficus religiosus), sal {Shorea robusta), teak (Tectona grandis) etc. are 
better dust collector than the plants with compound leaves like Cassia 
fistula, gulmohar {Poinclana regia), neem {Azadirachta indica), 
tamarind {Tamarindus indica). Certain green plants, grasses and 
epiphytes like orchids can also control particulate air pollution. 
Orientation of leaf on the main axis, size, shape and surface of leaf, 
trichomes and their types, wax deposition, stomatal movement, venation 
pattern and cuticular configuration etc. control the dust-trapping potential 
(Das, 1981; Shetye and Chaphekar, 1977; Yunus et al, 1985). Road side 
plantation is effective in reducing the amount of particulate matter in the 
atmosphere as trees have ability to abate overland movement of 
particulate pollutants, resulting in reduction of 27% by deciduous trees 
and 38% by coniferous stand in urban areas (Dochinger, 1980). A green 
patch of 2.5 km. sq. reduced 27% dust fall in Hyde Park of London 
(Meetham, 1964). Pollution Research Laboratory, College of Agriculture, 
University of Kolkata has reported that certain plants have remarkable 
dust filtering, air cleaning and air purifying capacities. 
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FLY ASH 
Source of Fly Ash 
Fly ash is a major particulate air pollutant produced by thermal 
power plants during coal combustion. Among the energy projects, the 
thermal power plants are of prime concern, which produce energy by 
burning coal and supply bulk of power generated in India. Consequently, 
thermal power plants spread all over the country are major sources to the 
atmospheric pollutant. In India, about 65 million tons of coal ash was 
produced during 1993. At present, nearly 100 million tons of fly ash is 
being produced from the thermal power stations throughout country. It is 
likely to exceed 140 million tons by the year 2020 AD (Anonymous, 
1997a). Such removal and disposal of large amount of ash is a difficult 
task and possess serious environmental and ecological problems. 
Properties of Fly Ash 
The properties of fly ash depend upon the type of coal, place of 
origin, combustion process, and the prevailing weather conditions 
(Anonymous, 1997b). Fly ash consists of many minute, glass-like 
particles of 0.01 to 100 mm having specific gravities 2.1 to 2.6 (Davison 
et al, 1974). It gives spherical, glassy and transparent appearance due to 
melting of silicate minerals during coal combustion (Hodgson and 
HoUiday, 1966). Fly ash of Indian coal consists of 25% sand sized 
particles (2 to 0.02 mm), 65% silt sized particles (0.02 to 0.002 mm) and 
10% clay sized particles (<0.002 mm) (Mishra and Shukla, 1986). 
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Fly ash contains various useful elements such as Ca, Mg, Fe, Cu, 
Zn, K, Mn, B, S and P along with appreciable amounts of heavy metals 
such as Cr, Pb, Hg, Ni, V, As, Si, Al, Mo and Ba (Dalmau et al, 1990; 
Fulekar et al, 1983; Majumdar and Mukherjee, 1983; Sikka et al, 1994) 
except nitrogen (Adriano et al, 1980). The fly ash is generally alkaline, 
with pH mostly ranging from 8.2 to 12.5 (Furr et al, 1977). Some fly 
ashes also exhibit Pozzolanic properties, i.e. they can react with water in 
the presence of lime to form cement, which can result in reduced 
infiltration and root penetration in ash deposits and ash amended soil 
(Adriano et al, 1980; Bradshaw and Chadwick, 1980; Townsend and 
Hodgson, 1973). 
Kukier et al (1994) tested two fly ashes from Georgia as a source 
of boron for com growth on two soils of different textures. Both soils 
(cecil and lake land soil) showed a linear relationship between fly ash 
rates and hot water extractable soil boron, which increased with 
decreasing pH. Coal fly ash samples from Savana River were studied for 
differences in physico-chemical properties by Menon et al (1990). The 
fly ash samples differed considerably in pH, conductivity and elemental 
composition. The transition metal appeared to bind more tightly on 
smaller particles than on larger ones. Townsend and Hodgson (1973) 
observed that the bulk density of fly ash of British coal ashes was quite 
low i.e. 0.99 to 1.73 g cm'^ . Wong and Wong (1986) compared the 
properties of fly ash with two types of soils. The fly ash was extremely 
alkaline and had a very high level of electrical conductivity compared 
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with the other two types of soils. Both types of soils had the highest 
amount of macro-nutrients including total organic carbon, total nitrogen 
and total phosphorus, whereas, the fly ash had the lowest amounts. In 
contrast, the fly ash possessed extremely high concentrations of all the 
trace metals tested except Zn, compared with the two soils. Mishra and 
Shukla (1986) also compared the fly ash with soil. They studied particle 
size distribution in which silt was greater in amount in the fly ash while 
bulk density was less than the soil. Electrical conductivity, pH and 
nutrients were in high amounts in fly ash compared to soil. 
Kene et al. (1991a) added fly ash to soil at the rates of 0, 5, 10 & 
15% (w/w). Fly ash addition significantly reduced water holding 
capacity, bulk density, contents of free lime, organic carbon, total and 
available N, P, K and CEC of the soil and increased the contents of fine 
sand which improved texture of the soil. Similarly, Khan et al. (1997) 
observed that the porosity, water holding capacity, CEC and conductivity 
were higher in fly ash. Sulphate, carbonate, bicarbonate and chloride 
contents and concentrations of P, K, Ca, Mg, Mn, Cu, and Zn were also 
higher in fly ash than in field soil. But N was present in low amount in fly 
ash. Deshmukh et al. (2000) observed that when graded levels of fly ash 
were applied, bulk density was decreased while water holding capacity of 
soil was increased. The available N, P, K, micro-nutrients like Cu, Fe, Zn, 
Mn and exchangeable Ca and Mg were increased with fly ash application. 
Singer and Berkgaut (1995) worked on cation exchange properties of 
hydro thermally treated coal fly ash. Approximately 50% fly ash could be 
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converted to zeolites. The CEC reached at 2.5-3.0 mEq/g. Concentrations 
of extractable B, Mo and Se in fly ash were decreased. 
Beneficial Effects of Fly Ash on Plants 
Fly ash application alters the physico-chemical properties of soil, 
which affects the growth, development, and productivity of plants. Since 
fly ash has all the micro and macro nutrient elements, it is now used as 
non-conventional fertilizer for the improvement of plant growth and 
yield. Matte and Kene (1995) evaluated the effect of different levels (0, 5, 
10 and 15 t/ha) of fly ash on Kharif crops (cotton, green gram, groundnut, 
mustard, sorghum and soybean). Singh and Singh (1986a) studied the 
response of rice cv. Madhuri to different levels of fly ash application at 
varying fertility levels in saline soil. Fly ash at 20% level significantly 
increased the contents of NPK at all growth stages and uptake of these 
nutrients by grain and straw. Scotti et al (1996) studied the effect of fly 
ash on chichory {Cichorium intybus) grown in two soils with or without 
(3% and 10%) fly ash. Addition of 3% fly ash showed a significant 
increase in yield. 
Pasha et al. (1990) observed that soil amendment with fly ash 
(10% and 20%) improved plant growth, yield and chlorophyll contents of 
leaves of cucumber plants. Tripathy and Sahu (1997) found that 50% fly 
ash applied to soil increased height, girth, leaf number, leaf area, spike 
length and dry weight of wheat plant. Sajwan et al. (1995) used sewage 
sludge and fly ash mixtures in ratios (4:1, 4:2, 4:3 & 4:4) and application 
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rate to soil was 0, 50, 100, 150, 200 and 400 t/acre. Plant growth and 
yield improved at 50-100 t/acre. Sahu and Dwivedi (1999) showed that 
seed germination in Vigna mungo and Abelmoschus esculentus was 
highest at 25% concentration of fly ash, while the plant growth of both 
the crops was best at 50% concentration. The chlorophyll content was 
maximum at 50% concentration in V. mungo, whereas, it was maximum 
at 25% in A. esculentus plant. 
Plant growth and yield of tomato was found better when fly ash 
was applied to soil particularly at lower doses (Khan and Khan, 1996). 
Application of fly ash at 10 t/ha gave the best results in sunflower, when 
fly ash was added in the soil at the rates of 0, 5, 10 and 15% (w/w) (Kene 
et al, 1991b). The groundnut was grown with fly ash (0, 5, 10, 15 t/ha) 
and fertilizers (25:50:0, 18.75:35.50:0 kg N:P:K /ha). Fly ash application 
decreased maximum water holding capacity and increased N, P, K, 
exchangeable Ca^ ,^ Mg^^ and trace elements (Zn, Cu, Fe and Mn). The 
best rate for improving soil properties was found ten tons of fly ash per 
hectare (Kuchanwar et al, 1997). Soybean plants grown in fly ash 
amended soil showed significant increase in plant growth, yield, leaf 
pigment, protein and oil contents of seeds at 25% and 50% fly ash levels 
(Singh, 1993; Smgh etal, 1994). 
Bhaisare et al. (2000) conducted an experiment during summer 
1993-94 on green gram (K-851) with three levels of N (0, 18.75, 25 
kg/ha) and P (0, 37.8, 50 kg/ha) and four levels of fly ash (0, 5, 10 and 15 
t/ha) on vertisol. Results showed that significantly highest yield of grain 
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and straw along with highest content and uptalce of nutrients were 
recorded with the increasing levels of fly ash up to 10 t/ha. Further 
increase in its application did not show any advantage. The highest 
contents of crude protein and test weight were also recorded at the same 
level of fly ash. Amongst the fertilizers, green gram responded well to 
higher doses of N and P fertilizers for yield, quality and nutrient uptake. 
Harmful Effects of Fly Ash on Plants 
Adverse effect of fly ash has also been observed at higher levels as 
it contains some toxic substances along with heavy metals in appreciable 
amount. Inhibition in root nodulation on legumes was reported in soil 
amended with fly ash at high application rate (Singh, 1989). He suggested 
that heavy metals present in fly ash might have caused suppression in 
growth. The root length and cotyledons length of seedlings of desert 
annuals decreased with increased fly ash treatment up to 50% (Vollmer et 
al, 1982). Sajwan et al. (1995) observed the reduced yield of plant at 
higher application rate of fly ash. This might be due to assimilation of 
high levels of boron, which was phytotoxic. The amount of N, P, K, Ca, 
Mg, Mn, Fe, B, Cu and Zn in both soil and plants were in elevated 
concentrations. Sikka and Kansal (1995) found that yield of rice was 
increased significantly at 2-4% w/w due to input of N, S and Fe from fly 
ash, while it was reduced at 8% fly ash level due to lower P and Zn 
availability and possible toxicities of other elements. McMurphy et al. 
(1996) noticed that fly ash causes alteration in the maize genome, when 
plants were grown in soil mixed with fly ash. It also reduced the soil 
22 
genotoxic effects. Sahi and Singh (1996) showed that heavy metals 
present in fly ash caused genetic damage to Allium cepa, which led to 
death. Gupta et al. (2000) found that higher levels of fly ash exhibited 
reduced growth of nodulation, chlorophyll, carotenoid, protein contents 
and nitrate reductase activity, and the elements Fe, Zn, Cu and Mn were 
accumulated in large quantities in plants. 
Fly ash contains very small amount of nitrogen. Plant growth, 
yield, leaf pigments and seed proteins are affected adversely through poor 
nitrogen availability in fly ash amended soils (Wong and Wong, 1986, 
1989). Singh (1993) reported that root nodulation and leaf nitrogen 
gradually decreased with an increase in the fly ash concentration from 
60% level. Garau et al. (1991) reported that net nitrogen mineralization 
decreased as the rate of fly ash application increased. However, the effect 
of fly ash on nitrogen mineralization was also dependent on its 
composition. The application of 50 t/ha fly ash did not significantly affect 
nitrogen mineralization. 
BRICK KILN DUST 
Source of Brick Kiln Dust 
Brick kiln dust is a second major particulate air pollutant in India. 
It is a mixture of coal ash, wood ash and soil dust particles, emit from the 
brick kilns during fuel combustion. The complete combustion of fuel in 
brick kilns mainly consists of gases and large amount of brick kiln dust. 
Actually, rapid growing population, great race for rapid urbanization and 
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industrialization need more and more briclcs for construction. In India, 
fire clay bricks are produced in about 40,000 small brick kilns and 
clamps, which operate seasonally using around 40-50 lac tons of coal 
each year (Mishra et al, 1987). 
Properties of Brick Kiln Dust 
Consumption of coal is about 18 tons for preparing one lac bricks. 
The product of complete combustion of fuel in brick kilns mainly consists 
of fluoride, carbon dioxide, water molecules, oxides of nitrogen, sulphur 
dioxide, sulphur trioxide in gaseous form and brick kiln dust in powdered 
waste form. Brick kiln dust is a mixture of soil and ash of coal + wood, 
which are left after combustion in kilns. The brick kiln dust properties 
were studied recently by Upadhyay (2004). She found that the physico-
chemical properties were similar to fly ash but values were less than fly 
ash. The pH, electrical conductivity, CEC, water holding capacity, pore 
space, saturation percentage, sulphate, chloride, total carbonate and 
bicarbonate, phosphorus and potassium were increased in brick kiln dust 
amended soils, while, bulk density, organic carbon and nitrogen content 
were decreased. 
Beneficial Effects of Brick Kiln Dust on Plants 
Raghav and Khan (2002) observed that lower levels of brick kiln 
dust were beneficial for tomato crop. The 15% level was found best for 
the growth and yield of tomato plant. Recently, Upadhyay (2004) 
investigated in detail the effect of brick kiln dust on two crops B. juncea 
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and L. usitatissimum. Different concentrations of brick kiln dust affected 
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the plant growth parameters (length, fresh weight, dry weight of shoot 
and root, number of branches, number of leaves and leaf area) of both the 
crops. All growth parameters were higher than the control up to 75% 
level; however, these were maximum at 45% level. Yield parameters of 
both the crops in terms of flowers, siliqua, seeds per siliqua, seeds per 
plant, 100 seed weight, seed yield, phytomass and green area per plant 
were significantly increased up to 75% concentration of brick kiln dust in 
general compared to control, maximum being at 45% level. The 
photosynthetic pigment contents of leaves and protein content of seeds of 
both the crops were increased up to 45% brick kiln dust level, then 
sudden significant reduction was occurred in subsequent higher 
concentrations. Similarly the oil properties were also increased gradually 
with respect to levels up to 45% and after this level, there was decline in 
the properties. 
Harmful Effects of Brick Kiln Dust on Plants 
Very little is known about the impact of brick kiln dust on 
vegetation. However, air pollution levels near the kilns have assumed 
significant importance, as they not only pose serious occupational health 
hazards, but also adversely affect the crops, fruit plantation etc. (Aslam et 
al., 1994). Shyu et al. (1999) investigated the fluoride accumulation in 
leaves of banana and betel nut near a brickyard over a 14 months period. 
Periodic sampling was performed at 7 sites within a distance of 4 km 
from the brickyard to the non-polluted area 20 km away. The mean leaf 
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fluoride content in leaves of banana and betel nut at the 7 sites around the 
brickyard was 50.1 and 119.9 mg/kg dry weight respectively. These 
figures were more than 4 times higher than those of the samples collected 
from the non-polluted area, 11.2 mg/kg for banana and 20.9 mg/kg for 
betel nut. The data also indicated a distinct seasonal variation of leaf 
fluoride content. Samples collected between May and September was 0.3-
0.6 and 0.4-0.7 fold respectively, of the yearly mean fluoride content. The 
soil fluoride content ranged from 0.69-4.13 mg/kg. Jain et al. (2001) 
analysed that SO2, NOx, CO and HF were insignificant polluting 
parameters near brick kilns. However, human health, flora and fauna and 
visibility were worst affected in the proximity of a brick kiln. Sum and Su 
(1985) showed the acute symptoms of tip necrosis on leaves of rice plants 
grown in ceramic and brick industry areas of Taiwan. The severity of the 
injury was increased by increasing fluoride concentration in rice leaves. 
There was a 80-fold difference in fluoride concentration between healthy 
and severely injured leaves. Fumigation of rice seedlings with HF 
induced symptoms on leaves similar to those occurring in nature. Results 
suggested that fluoride emitted from the ceramic and brick factories 
caused the rice disease. Recently, Upadhyay (2004) applied brick kiln 
dust to soil for testing the growth performance of B. juncea and L. 
usitatissimum. Both crops were adversely affected at 75% and 100% 
brick kiln dust levels. 
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CEMENT DUST 
Cement dust as particulate pollutant has still received very little 
attention. However, its effects have been reported on both living and non-
living things as it has solidifying property besides toxic elements (Darley, 
1966). 
Source of Cement Dust 
Cement is manufactured from a suitable mixture of limestone and 
clay or from marls, which are first crushed and ground, either in the dry 
state or with water. The raw mixture is thereafter burnt at a sintering 
temperature and the clinker thus obtained is ground to a fine powder with 
the addition of gypsum, to give cement. Various methods are used to 
capture the dust, such as electrostatic precipitators and bag filters. 
However, dust spreads during limestone crushing, packing, loading and 
unloading. Cement is packed in jute perforated plastic bags and 
dispatched in this form in railway wagons or in road trucks. Alternatively, 
it is also dispatched in bulk as loose cement. Thus, by the very nature of 
above processes, there is considerable generation of dust in environment. 
Properties of Cement Dust 
The dusts emanating from cement kilns contain varying quantities 
of different components (Kortesharju et al, 1990), particularly oxides of 
calcium, potassium and sodium with lesser amounts of silica, aluminium, 
iron, manganese, magnesium and sulphur. Because the Calcareous and 
Argillaceous materials obtained from the earth are properly proportioned 
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to get a suitable ratio of lime (CaO), silica (Si02), alumina (AI2O3) and 
iron (Fe203) present in the mixture. As the raw materials are obtained 
directly from lime stone and clay mines, minor constituents like magnesia 
(MgO), sodium, potassium, sulphur, chlorine compounds etc. may also be 
present in the raw materials. The principal constituent, however, is 
calcium oxide, which may comprise over 30 percent of the total dust. The 
size of these dust particles is very small ranging from as low as 1 p, to as 
high as 100 [i and above. Arslan and Boybay (1990) studied the 
characterization of particles of Blazing Cement Plant in Turkey. Particles 
were alkaline in nature. The most important property of cement dust is 
that it has solidifying character besides toxic elements. 
Effect of Cement Dust on Plants 
Cement dust was reported to be harmful to vegetation in California 
as early as 1910 (Peirce, 1910). A thick crust of dust was demonstrated to 
interfere with light absorption and subsequent starch formation. Darley 
(1966) observed that alfalfa plants subjected to moderate amounts of 
cement dust had fewer leaves than plants in another portion of the field 
receiving no dust. In Germany, Bohne (1963) reported a marked 
reduction in the growth of poplar and pine trees following a doubling of 
production by a cement plant a mile away. Darley (1966) applied cement 
dust in concentrations of 0.6 to 3.8 g/m^ to bean leaves for eight to ten 
hour periods for two to three days. He found that the average CO2 
exchange following dusting was reduced over 30 percent. In addition to 
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interfering with gas exchange, two of the three different types of dusts 
tested caused wilting and leaf necrosis. The greater toxicity of one dust 
was attributed to the concentrated amount of potassium chloride in the 
dust. Kortesharju et al. (1990) observed the nutrient elements (Ca, K, Mg, 
Na, N, P) and heavy metals (Cu, Fe, Mn, Pb, Zn) in the surroundings of 
Kolari Cement Works, N W, Finland. The other elements clearly emitted 
by the works were magnesium and iron. The contents of Ca, Mg and Fe 
correlated well with the calculated depositions. The results showed that 
element concentrations in Cladina (lichens) were much lower than in 
Pleurozium (mosses). 
Prasad and Inamdar (1990) compared the growth of black gram 
{Vigna mungo) plant from cement dust polluted area with non-polluted 
areas. Due to cement kiln dust, there was a decrease in height, phytomass, 
net primary productivity and chlorophyll content. Cement kiln dust 
accumulation on plant surface showed decrease in the number and size of 
flowers, which finally affected the yield to a great extent in the dusted 
plants. A reduction in transpiration rate, chlorophyll content and 
productivity of the wheat plants due to cement dust pollution was 
observed by Singh and Rao (1981). Prasad et al. (1991) studied the effect 
of cement kiln dust on Cajanus cajan. No visible symptoms of injuries 
were observed on dusted plants. However, stomatal clogging, reduction in 
growth, phytomass and net primary production occurred. Decrease in 
level of soluble proteins, amino acids, starch, sugars and phenols were 
induced by the influence of dust. 
2Q 
POTATO 
History of Potato 
The potato {Solarium tuberosum L.), a native of South America, 
occupies the largest area under any single vegetable in the world. It is one 
of the staple foods of modem western civilization. The history of potato 
has its roots in the windswept Andes Mountains of South America. The 
pre-Columbian farmers first discovered and cultivated the potato some 
7,000 years ago. They were impressed by its raggedness, storage quality 
and its nutritional value. Western man did not come in contact with the 
potato until as late as 1537 when the Conquistadors tramped through 
Peru. The first mention of the potato in literature was in 1553 in Pedro de 
Leon's "Chronica del Peru", while the first published illustration 
appeared in Gerard's Herbal in 1633. The potato was introduced into 
Europe soon after 1580 by the Spaniards and by the end of the 
seventeenth century it had spread all over Europe and the British Isles. 
The potato was first introduced into New England by Irish immigrants in 
1719 (Internet: www.google.com). 
Though the tuber was productive and hardy, the Spanish put it to 
very limited use. In the Spanish Colonies, potatoes were considered food 
for the under-classes, while by the mid-1800's the Irish would become so 
dependent upon this crop that its failure would provoke a famine. While 
in Ireland the potato gained acceptance from the bottom up, in France an 
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intellectual, Antoine Augustine Parmentier, imposed the potato upon 
society. 
Soon the potato had gained wide acceptance across Europe and 
eventually make its way back over to Atlantic to North America. As the 
time passed, the potato would become one of the major foodstuffs of the 
world. But not without a few humps in the road, the 1840's saw 
disastrous potato blight. This terrible disease was caused by a fungus 
known as Phytophthora infestans. With the devastation of potato crops 
throughout Europe came the destruction and dislocation of many of the 
populations that had become dependent upon it. The Potato Famine in 
Ireland would cut the population by half (through both starvation and 
emigration). An effective fungicide was not found until 1883 by the 
French botanist, Alexandre Millardet. Today, the potato is so common, 
plentiful and pervasive in the Western diet that it is taken for granted. We 
forget that it has only been with us for a few hundred years (Internet: 
www, google, com). 
The date of the introduction of the potato into India is uncertain. 
But it has been cultivated in India before the beginning of the eighteenth 
century (i.e. middle or end of seventeenth century). The probability is that 
the cultivation of potato was introduced into India from Spain, sometimes 
in the seventeenth century. Today it is grown almost in all the states and 
occupies about 1.28 million hectares land of the country. Now this has 
become a staple food for vegetarian people, as they constitute the 
majority of the country (Choudhury, 1984). 
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Characteristics of Potato 
The potato is an erect, branched, 2 to 3 ft in height, annual plant. It 
has pinnately compound leaves, fine fibrous roots, and numerous 
rhizomes, which are swollen at the tip to form the familiar tubers (Fig. 1). 
The flowers are white, yellow or purple with a tubular corolla, while the 
fruit is a small brownish-green or purple inedible berry. 
The potato tuber is a modified stem with a shortened axis. Potato 
plant produces underground lateral shoots called stolons. When a stolon 
ceases to grow longitudinally, the stolon tip swells to form a tuber. The 
outermost layer of the tuber is called the periderm or skin. The periderm 
contains pigments, which give the tuber its colour. The colour of the tuber 
is a varietal character. Underlying the periderm is the cortex, which is 
made of parenchyma tissue. Below the cortex is the vascular ring 
consisting of xylem and phloem. On either side of the vascular ring is 
found the vascular storage parenchyma, which is high in starch content. 
The central core of the tuber is called the pith and it consists of large 
cells, which contain less starch than the vascular storage parenchyma. 
Food Values of Potato 
Potatoes contain about 80% water, 17% carbohydrates including a 
little sugar as well as starch, 2% proteins, 0.1% fat and about 1% potash. 
They are one of the most nutritious staple crops discovered by man. With 
milk in the diet, it can be a sustaining and healthful source of energy, 
vitamins and minerals both in times of want and in times of plenty. 
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Fig.l : Potato Plant {Solarium tuberosum L.) 
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Potatoes contain a number of minerals, though many in relatively small 
amounts. Calcium, iron, magnesium, phosphorus and potassium are 
nutritionally important minerals, which occur in significant quantities in 
potatoes. It is rich in potassium and a good source of phosphorus, as 
about 80% of phosphorus is in the absorbable form. 
Potato tubers contain vitamin C and a number of B-group vitamins. 
They are considered to be a good source of vitamin C but its content 
varies considerably. Vitamin C is highest in freshly harvested tubers but 
decreases during storage of tubers and also during cooking. But it has 
been noticed that relatively lower losses occur when the tubers are boiled 
with intact skin. Potatoes also contain some beta-carotene (Pro-vitamin 
A). Yellow-fleshed potato varieties may contain up to 100 mg of b-
carotene per 100 g fresh weight. 
Utilization of Potato 
Potatoes are used chiefly for human consumption and are a 
universal table food. They are consumed in a variety of ways - boiled, 
steamed, fried, baked or roasted. Small tubers are utilized for the 
production of starch and industrial alcohol, and they are also fed to live 
stock. A considerable portion of the crop is used for industrial purposes. 
Potato broth, liquor from boiled potatoes, is widely used as nutrient 
medium in mycological and microbiological works. Vodka, a Russian 
alcoholic drink, is prepared by the fermentation of cooked potatoes. 
Potato starch is used for sizing cloth and paper, in the laundries, and in 
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several food preparations. Potato chips and crisps, potato flour, spaghetti-
like potato, frozen french fries, potato granules, potato flakes, canned 
potatoes and 'chuno' (dehydrated potatoes) are some widely used potato 
foods. 
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MATERIALS AND METHODS 
Three particulate air pollutants viz. fly ash, brick kiln dust and 
cement dust were selected for the present study and potato crop was used 
as test plant. The study was divided into three sections. Section I includes 
the experiments done with fly ash, while section II and section III deal 
with brick kiln dust and cement dust respectively. Each section consists 
of five experiments, so in total fifteen experiments were conducted. 
Selection of Site: 
The experiments were conducted in the glass houses fabricated at 
the Department of Botany, Aligarh Muslim University, Aligarh. The site 
is situated 16 km away from the source of fly ash, 12 km away from the 
source of brick kiln dust and 7 km away from cement dust agency. 
Source of Pollutants: 
Particulate air pollutants such as fly ash and brick kiln dust used 
in the experiments were collected from different sources. Fly ash was 
obtained from the Thermal Power Plant, Kasimpur, Aligarh (Figs. 2 & 3). 
Brick kiln dust was obtained from the brick kiln situated at Manzoor 
Garhi, Aligarh (Figs. 4 & 5) and cement dust (pure cement) from Birla 
Cement Agency, Aligarh (Figs. 6 & 7). The characteristics of the 
pollutants are given in table 1. 
Fig.2 : Thermal Power Plant, Kasimpur, Aligarh. 
Fig.3 : Collection of fly ash in Fly Ash Pond through 
pipe from the source. 

Fig.4 : Heap of brick kiln dust around the kiln after 
the preparation of bricks. 
Fig.5 : The wood and coal (fuel), unburned bricks and 
prepared bricks around the kiln. 
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Fig.6 : Birla Cement Agency, Aligarh. 
Fig.7 : Cement in bags. 

Table 1: Characteristics of soil, fly ash, brick kiln dust and cement 
dust. 
Parameter 
pH 
Electrical 
conductivity 
Cation exchange 
capacity 
Water holding 
capacity 
Pore space 
Sulphate 
Chloride 
Nitrogen 
Phosphorus 
Potassium 
Magnesium 
Zinc 
Manganese 
Boron 
(mmhos cm'') 
(mEq/lOOg) 
(%) 
(%) 
(mg/1) 
(mg/1) 
(mg/kg) 
(mg/kg) 
(mg/kg) 
(mg/kg) 
(mg/kg) 
(mg/kg) 
(mg/kg) 
Soil 
6.79 
0.050 
3.00 
42 
40.12 
15 
49 
95.0 
11.5 
51.7 
37.0 
1.5 
5.7 
0.47 
Fly ash 
9.1 
0.195 
7.60 
99 
75.5 
35 
94 
15.0 
32.5 
57.2 
75.0 
2.7 
6.5 
2.9 
Brick kiln 
dust 
9.5 
0.180 
7.10 
90 
80.7 
27.3 
85 
65.0 
18.5 
35.4 
41.2 
2.3 
5.9 
1.5 
Cement 
dust 
8.9 
0.210 
7.00 
17.5 
9 
9.5 
43 
0.0 
4.1 
27.8 
35.0 
0.0 
0.0 
0.0 
Each value is a mean of five replicates. 
Sampling of Fly Ash, Brick Kiln Dust and Cement Dust: 
Random sampling of fly ash was done from five points of fly ash 
pond (Fig. 3). Fly ash collected from different points was brought to the 
laboratory in different bags. Then a composite sample was made by 
thorough mixing. Similarly, brick kiln dust was also randomly collected 
from five points of heap of brick kiln dust (Fig. 4). A composite sample 
was prepared by thorough mixing. Fresh cement was brought from the 
agency and pure cement was used for the experiments. 
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Collection of Soil: 
The soil used in the experiments was collected from agricultural 
fields up to 20 cm depth after scrapping of the surface litters present, if 
any. The soil was sandy loam containing 66% sand, 24% silt and 8% clay 
particles and 2% organic matter and was autoclaved before incorporation. 
Autoclaving of Soil: 
Normal field soil kept in gunney bags was steam sterilized in the 
autoclave. The pressure was maintained 20 lb for 20 minutes. After 
drying, this autoclaved soil was mixed with particulates. 
Test Plant: 
One test plant, potato {Solarium tuberosum L. var. Kufri Alankar) 
commonly grown in India, was selected for the study. Potato tubers were 
obtained from Kwarsi Farm, Aligarh, for the experiments. 
Control Set: 
Five pots containing 3 kg autoclaved soil were maintained as 
control set for all soil application experiments. Similarly five pots were 
also maintained for all foliar application experiments. 
SECTION-I (FLY ASH) 
Five experiments conducted with fly ash were as follows. 
1. Analysis of physico-chemical properties of fly ash applied soil 
before planting of iS. tuberosum. 
2. Analysis of physico-chemical properties of fly ash applied soil 
after harvesting of 5. tuberosum. 
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3. Effect of fly ash as soil application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents ofS. tuberosum. 
4. Effect of fly ash as foliar application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents of .S. tuberosum. 
5. Effect of fly ash as foliar application on leaf epidermal characters 
of 5. tuberosum. 
Experiments-l and 2: Analysis of soil applied with fly ash, before 
planting and after harvesting of S. 
tuberosum. 
Application of Fly Ash with Soil: 
The fly ash was mixed with autoclaved soil in following 
proportions to prepare eight treatments: 
Fi = 150 g fly ash + 2850 g soil (5% fly ash in soil) 
F2= 300 g fly ash + 2700 g soil (10% fly ash in soil) 
F3= 450 g fly ash + 2550 g soil (15% fly ash in soil) 
F4= 600 g fly ash + 2400 g soil (20% fly ash in soil) 
Fs = 750 g fly ash + 2250 g soil (25% fly ash in soil) 
F6 = 900 g fly ash + 2100 g soil (30% fly ash in soil) 
F7 = 1200 g fly ash + 1800 g soil (40% fly ash in soil) 
Fg = 1500 g fly ash + 1500 g soil (50% fly ash in soil) 
After proper mixing, clay pots of 30 cm height (25 cm diameter) 
closed at bottom were filled with 3 kg of each type of mixture. Each 
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treatment was replicated five times. So the total 40 pots were prepared for 
the experiments (8 treatments x 5 replicates). Analysis of soil from each 
treatment was done before planting of 5*. tuberosum. Similarly, soil was 
analyzed from each treatment after harvesting ofS. tuberosum. 
Experiment-3: Effect of fly ash as soil application on S. tuberosum. 
Plant Culture and Setting of Experiment: 
For the experiment, small square pieces (size 2.5-3.0 cm ) of potato 
tubers were cut in such a way that each piece had at least one eye. The 
pieces were surface sterilized (dipped in 0.01% HgCb for 15 min.) before 
planting. A small pit (5 cm deep) was made in the centre of each pot 
already prepared with different concentrations of fly ash amended soil. 
One potato piece was placed into the pit of each pot in such a way that 
eye was always towards upper side. Pots were arranged in randomized 
o 
block design on glass house benches at 27/23 C day/night temperature. 
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Photosynthetic active radiation was PAR>750 |imol m' s' between 1100 
and 1200 h and humidity in the green house was 67±5%. Pots were 
irrigated on alternate days with limited amount (200-250 ml) of tap water 
(Table 2) just to moist the soil and surface flow was avoided. 
Approximately 10-12 liters of water per pot was used till the harvesting 
of plant. Plants were uprooted carefully after 90 days. Roots and potato 
tubers were thoroughly washed under tap water to avoid soil particles and 
debris. Plant growth, yield, photosynthetic pigments, NPK concentrations 
of plants, and protein and carbohydrate contents of potato were estimated. 
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Table 2: Characteristics of tap water. 
pH 
7.2 
Magnesium 
(mg/1) 
5.12 
Potassium 
(mg/1) 
5.75 
Chloride 
(mg/1) 
22 
Sulphate 
(mg/1) 
6.0 
Phosphate 
(mg/1) 
0.13 
Each value is a mean of five replicates. 
Experiinents-4 and 5: Effect of fly ash as foliar application on 
S. tuberosum. 
Sedimentation of Dust: 
The field work was done to collect the data on the sedimentation of 
dusts in the vicinity of Thermal Power Plant, Kasimpur, Aligarh and Brick 
Kiln, Manzoorgarhi, Aligarh and Munshiganj Cement Factory, Sultanpur. 
Three sites at Vi, 1 and 2 km distances in each four directions around each 
factory were selected. 
Five petridishes were kept on the open roof at each site {Vi, 1 and 2 
km distances). After 10 days the weight of the dust in the petridishes were 
taken separately from each site for each factory. The dust fall rate was 
calculated by given formula (Sharma, 2001): 
w 30 
Dust fall rate = x 
a t 
Where, w = wt. of dust (g), a = area of petridish (cm^) and t = fime 
in days for which the petridish was under observation. 
After calculation the falling rate at different distances was 
expressed in g/m^/day (Table 3). 
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Table 3: The sedimentation rate of particulates around the sources. 
Distance 
(km) 
1/2 
1 
2 
Fly ash 
(g/m /day) 
1.35 
0.93 
0.32 
Brick kiln dust 
(g/m /day) 
1.91 
1.30 
0.62 
Cement dust 
(g/m /day) 
0.84 
0.52 
0.25 
Each value is a mean of five replicates. 
Keeping in view the above sedimentation rates, the five 
concentrations (0.25, 0.50, 1.00, 2.00 and 4.00 g/mVday) of each 
particulate were taken for the foliar application experiments. 
Plant Culture and Setting of Experiment: 
Control set for foliar application was used in all experiments as 
mentioned earlier. For the experiments, tuber pieces with eyes (2.5-3.0 
cm ) were directly planted (one piece/pot) in clay pots of 30 cm height 
(25 cm diameter) containing autoclaved field soil. Total 25 pots were 
prepared for the experiments (5 treatments x 5 replicates). The pots were 
o 
then arranged on glass house benches at 27/23 C day and night 
temperature. Photosynthetic active radiation was PAR>750 fxmol m"^  s'' 
between 1100 and 1200 h and humidity in the green house was 67±5%. 
Pots were irrigated on alternate days with tap water. The dusting was 
started with requisite amount of fly ash on two weeks old plants (four-leaf 
stage). 
Foliar Application of Fly Ash: 
For foliar application, the fly ash was crushed in mortar and pestle 
and passed through 2 mm sieve. The fine particles of fly ash were dusted 
by a plastic duster, which delivered the particles uniformly over the leaf 
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surface. The five different doses of fly ash (0.25, 0.50, 1.00, 2.00 and 
4.00 g/m^/day), in five replicates, were used. Dusting was begun after 15 
days of planting and continued for 60 days. A plastic hood around the 
base of each plant was used to cover the soil to prevent fly ash being 
deposited on the soil surface. Plants were always irrigated under these 
hoods. The experiments were terminated after 90 days from the date of 
planting. Plants were uprooted carefully keeping the root system intact 
and washed thoroughly with gentle stream of water to remove the soil 
particles. Plant growth, yield, photosynthetic pigments, NPK 
concentrations of plants, and protein and carbohydrate contents of potato 
were estimated. Leaf epidermal characters were also observed. 
SECTION-II (BRICK KILN DUST) 
Five experiments conducted with brick kiln dust were as follows. 
6. Analysis of physico-chemical properties of brick kiln dust applied 
soil before planting of .S. tuberosum. 
7. Analysis of physico-chemical properties of brick kiln dust applied 
soil after harvesting of 5*. tuberosum. 
8. Effect of brick kiln dust as soil application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents of iS". tuberosum. 
9. Effect of brick kiln dust as foliar application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents of 5". tuberosum. 
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10. Effect of brick kiln dust as foliar application on leaf epidermal 
characters of .S. tuberosum. 
Experiments-6 and 7: Analysis of soil applied with brick kiln dust 
before planting and after harvesting of 
S. tuberosum. 
Application of Brick Kiln Dust with Soil: 
The brick kiln dust was mixed with autoclaved soil in following 
proportions to prepare eight treatments: 
1 (5% brick kiln dust in soil) Bi= 150 g brick kiln dust + 2850 g soi 
82= 300 g brick kiln dust + 2700 g soi 
63= 450 g brick kiln dust + 2550 g soi 
84= 600 g brick kiln dust + 2400 g soi 
85= 750 g brick kiln dust + 2250 g soi 
85= 900 g brick kiln dust + 2100 g soi 
87= 1200 g brick kiln dust + 1800 g soi 
88= 1500 g brick kiln dust + 1500 g soi 
After proper mixing, clay pots of 30 cm height (25 cm diameter) 
were filled with 3 kg of each type of mixture. Each treatment was 
replicated five times. So the total 40 pots were prepared for the 
experiment (8 treatments x 5 replicates). Soil was analyzed from each 
treatment before planting of S. tuberosum. Similarly, soil was analyzed 
from each treatment after harvesting of 5". tuberosum. 
1 (10% brick kiln dust in so 
1 (15% brick kiln dust in so 
1 (20% brick kiln dust in so 
1 (25% brick kiln dust in so 
1 (30% brick kiln dust in so 
1 (40% brick kiln dust in so 
1 (50% brick kiln dust in so 
1) 
1) 
1) 
1) 
1) 
1) 
1) 
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Experiment-S: Effect of brick kiln dust as soil application on 
5. tuberosum. 
Plant Culture and Setting of Experiment: 
The plant culture and setting of this experiment was done similarly, 
as in case of fly ash as soil application (Section I, Experiment 3). 
Experiments-9 and 10: Effect of brick kiln dust as foliar application 
on S. tuberosum. 
Plant Culture, Setting of Experiment and Foliar Application of Brick 
Kiln Dust: 
The plant culture, setting of experiment and process of foliar 
application for the experiments were done similarly, as in case of fly ash 
as foliar application (Section I, Experiments 4 and 5). The same five 
doses of brick kiln dust (0.25, 0.50, 1.00, 2.00 and 4.00 g/mVday), in five 
replicates, were used and total 25 pots were prepared for the experiments 
(5 treatments x 5 replicates). 
SECTION-III (CEMENT DUST) 
Five experiments conducted with cement dust were as follows. 
11. Analysis of physico-chemical properties of cement dust applied 
soil before planting of .S. tuberosum. 
12. Analysis of physico-chemical properties of cement dust applied 
soil after harvesting of .S. tuberosum. 
13. Effect of cement dust as soil application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents of 5. tuberosum. 
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14. Effect of cement dust as foliar application on plant growth, yield, 
photosynthetic pigments, NPK concentrations of plants, protein 
and carbohydrate contents of S. tuberosum. 
15. Effect of cement dust as foliar application on leaf epidermal 
characters of iS. tuberosum. 
Experiments-ll and 12: Analysis of soil applied with cement dust 
before planting and after harvesting of 
S. tuberosum. 
Application of Cement Dust with Soil: 
The cement dust was mixed with autoclaved soil in following 
proportions to prepare eight treatments. 
C] = 150 g cement dust + 2850 g soil (5% cement dust in soil) 
C2= 300 g cement dust + 2700 g soil (10% cement dust in soil) 
C3= 450 g cement dust + 2550 g soil (15% cement dust in soil) 
C4 = 600 g cement dust + 2400 g soil (20% cement dust in soil) 
C5 = 750 g cement dust + 2250 g soil (25% cement dust in soil) 
Ce = 900 g cement dust + 2100 g soil (30% cement dust in soil) 
C7 = 1200 g cement dust + 1800 g soil (40% cement dust in soil) 
Cs = 1500 g cement dust + 1500 g soil (50% cement dust in soil) 
After proper mixing, clay pots of 30 cm height (25 cm diameter) 
were filled with 3 kg of each type of mixture. Each treatment was 
replicated five times. So the total 40 pots were prepared for the 
experiments (8 treatments x 5 replicates). Analysis of soil from each 
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treatment was done before planting of S. tuberosum. Similarly, soil was 
analyzed from each treatment after harvesting of 5". tuberosum. 
Experiment-13: Effect of cement dust as soil application on 
S. tuberosum. 
Plant Culture and Setting of Experiment: 
The plant culture and setting of this experiment was also done 
similarly, as in case of fly ash as soil application (Section I, Experiment 
3). 
Experiments-14 and 15: Effect of cement dust as foliar application 
on S. tuberosum. 
Plant Culture, Setting of Experiment and Foliar Application of Cement 
Dust: 
The plant culture, setting of experiment and process of foliar 
application for the experiments were also done similarly, as in case of fly 
ash as foliar application (Section I, Experiments 4 and 5). The same five 
doses of cement dust (0.25, 0.50, 1.00, 2.00 and 4.00 g/mVday), in five 
replicates, were used and total 25 pots were prepared for the experiments 
(5 treatments x 5 replicates). 
OBSERVATIONS: 
For all the three sections, following parameters were considered 
according to the experiments: 
1. Analysis of soil (physico-chemical properties), amended with 
particulate pollutant (fly ash/brick kiln dust/cement dust). 
46 
2. A- Plant growth (length, fresh weight and dry weight of root and 
shoot); 
B- Yield (fresh weight and dry weight of tubers); 
C- Plant biomass (sum of dry weight of shoot, root and tubers). 
3. A- Photosynthetic pigments (chlorophyll a, chlorophyll b, total 
chlorophyll and carotenoids); 
B- NPK concentrations of plants. 
4. A- Protein contents (soluble, insoluble and total protein); 
B-Carbohydrate contents (soluble, insoluble and total 
carbohydrate). 
5. Leaf epidermal characters (number and length and width of 
stomata, length and width of stomatal aperture, and number and 
length of trichomes). 
1. Analysis of Soil, Amended with Particulate 
Physico-chemical properties of particulate (fly ash/brick kiln 
dust/cement dust) amended soils before planting and after harvesting ofS. 
tuberosum were analyzed to observe their fertility status. 
A. SoilpH 
Twenty g soil sample was taken in a 100 ml beaker and 40 ml of 
double distilled water (DDW) was added into it. The suspension (1:2) 
was stirred at regular intervals for 30 minutes and the pH was recorded by 
pH meter. 
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B. Electrical Conductivity (mmhos cm'^) 
Fifty g soil sample was taken in a 250 ml conical flask, containing 
100 ml DDW. After shaking for half an hour, flask was left overnight. 
The soil suspension was filtered through the Whatman filter paper No. 1. 
Conductance was directly recorded by dipping the conductivity cell of a 
conductivity meter into the solution. Temperature was maintained and 
correlated with the table. 
C. Cation Exchange Capacity (mEq/lOOg) 
Cation exchange capacity (CEC) was measured by the method of 
Jackson (1973). Ten g soil sample was treated with sufficient amount of 
O.IN HCl. After half an hour, soil solution was washed with DDW 
through filter paper till the removal of all acidity. The acidity was 
determined by pH meter. Then soil was kept in saturated solution of KCl 
for 15 min. After half an hour, again it was filtered and filtrate was 
treated with standardized O.IN NaOH solution till the colour changed. 
Cation exchange capacity was calculated by the following formula: 
V 
CEC= X 100 mEq/lOOgofsoil 
10 
V = Volume of O.IN NaOH used. 
D. Water Holding Capacity (%) 
For measuring the water holding capacity, air-dried soil sample 
was crushed in a porcelain mortar. After complete crushing, particles 
were passed through a small sieve of 1.5 mm holes and coarse particles 
were removed from the sieve. The weight of the circular brass box with 
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perforated bottom having filter paper on bottom was taken (Wi). Then, it 
was filled with soil and kept in hot air oven (105°C) for complete drying 
of soil. After drying, the weight was taken again (W2). Now box was 
submerged in a petridish containing water up to VA^ level and left for 12 
hrs. After the lapse of 12 hrs, the box was gently taken out from the 
petridish and excess water was allowed to evaporate at room temperature 
(27°C) and was weighed finally (W3). 
Calculation: 
W3-W2 
Water holding capacity = x 100 
W2-W1 
E. Pore Space (%) 
The portion of a given volume of soil, which is unfilled with solid 
matter, is termed pore space. For measuring pore space (%), the bulk 
density and particle density were calculated as follows: 
For bulk density, weighing bottle of 50 ml without stopper was 
weighed for each sample. It was filled up with soil, flushed upto the brim, 
tapping the bottle about 20 times and weighed again. Then, the soil was 
removed from the bottle and bottle was filled with water by means of a 
graduated pipette and the exact volume was noted. The bulk density was 
calculated as follows: 
Weight of empty bottle = Wi g 
Weight of bottle + soil = W2 g 
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Weight of soil = W2-W,g 
Volume of the soil or volume of water needed to fill the bottle = V ml 
W2-W, 
Bulk Density = g/cm^ 
V 
For particle density, specific gravity bottle (100 ml) was weighed 
and filled with water completely. All moisture from outside the bottle 
wiped out and weighed again. Ten g air dried soil was taken into a beaker 
and added few ml of water then boiled it to expel all air and cooled at 
room temperature. Then water was removed from the bottle and filled it 
completely with the soil transferring it from the beaker with a jet of 
water. All moisture outside the bottle wiped out and weighed and 
calculated separately for each sample as follows: 
Weight of empty S.G. bottle = Wi g 
Weight of S.G. bottle + water = W2 g 
Weight of water alone = W2 - Wj g 
Weight of soil taken = 10 g 
Weight of S.G. bottle + water + soil = W3 g 
Weight of soil+ water = W3 - Wi g 
Weight of water displaced by soil = (W3 - W,) - (W2- W,) g = Ws-Wsg 
10 
Particle density of soil = g/cm'' 
W3-W2 
The percentage of pore space in each sample of soil was calculated 
by the following formula: 
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Particle density - bulk density 
Pore space (%) = x 100 
Particle density 
F. Sulphate Content (mg/l) 
For estimation of sulphate content, method of Jackson (1973) was 
applied. Three reagents; conditioning reagent, barium chloride and 
standard sulphate solution were used. Conditioning reagent was prepared 
by adding 75 g NaCl, 30 ml cone. HCl, 100 ml 95% ethyl alcohol in 300 
ml DDW and 50 ml glycerol was added to this solution and mixed 
properly. Crystals of barium chloride (BaCb) were used directly. 
Standard sulphate solution was prepared by dissolving anhydrous Na2S04 
in one litre of DDW. This solution contained 100 mg/l of sulphate. 
In 100 ml soil solution (soil : water = 1:5), 50 ml conditioning 
reagent was added. After stirring the solution, BaC^ crystals were added 
and stirred again for one minute. The readings were taken on a 
spectrophotometer at 420 nm and the concentration of sulphate was 
determined from the standard curve, within a range of 0.0-40 mg/l with 
the difference of 5 mg/l. 
G. Chloride Content (mg/l) 
The chloride content was estimated by the method of Jackson 
(1973). Three reagents; 0.02N sodium chloride, 0.02N silver nitrate and 
potassium chromate indicator were prepared separately. For 0.02N 
sodium chloride, 1.17 g NaCl (AR grade, dried at 80°C for one hour) was 
dissolved in DDW and made up to the volume of one litre. Reagent 
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0.02N silver nitrate was prepared by adding 3.4 g silver nitrate in DDW 
to make volume up to one litre. This was standardized against the 
standard NaCl solution and stored in amber coloured bottle away from 
light. Five percent aqueous solution of pure K2Cr04 was used as 
potassium chromate indicator. 
The 5 ml soil filtrate was placed in a porcelain dish and diluted 
with 25 ml DDW. After adding 5-6 drops of K2Cr04 indicator, it was 
titrated against standard AgNOs solution till the first brick red tinge 
appeared. Calculation was done as follows: 
1ml of 0.02N AgNOs = 0.00071 g of chloride 
Chloride = Vx4 mEq/1 
V = Volume of 0.02N AgNOs used in titration. 
mg/1 = mEq/1 x equivalent weight 
(equivalent weight of CI" = 35.5) 
H. Available Nitrogen (mg/kg) 
For extracting the nitrogen in soil samples, alkaline permanganate 
method (Subbiah and Asija, 1956) was employed. Six reagents were 
prepared. Potassium permanganate solution of 0.32%, sodium hydroxide 
of 2.5%, liquid paraffin (extra pure), 0.02N sulphuric acid of 0.02N and 
boric acid solution of 2% containing 20 ml of mixed indicator per litre 
were used. For mixed indicator, 0.066 g methyl red and 0.099 g 
bromocresol green were dissolved in 100 ml of 95% alcohol. 
About 20 g soil sample was taken in a 800 ml dry Kjeldahl 
flask and 20 ml DDW was added followed by 100 ml each of 0.32% 
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KMn04 and 2.5% NaOH solutions. The frothing during boiling was 
prevented by liquid paraffin (1 ml) and bumping by adding a few glass 
beads. The contents were distilled in a Kjeldahl assembly at a steady rate 
and the liberated ammonia was collected in a conical flask containing 20 
ml of boric acid solution (with mixed indicator). With the absorption of 
ammonia the pinkish colour turned to green. Nearly 100 ml of distillate 
was collected in 30 minutes which was titrated with 0.02 N H2SO4 till the 
original shade (pinkish) came. Blank correction (without soil) was carried 
out for final calculation. 
N (mg/kg) = R X 0.05 x 0.014 x 10 ^ 
Where R = Volume of 0.02 N H2 SO4 required for titration. 
/. Available Phosphorus (ntg/kg) 
The available phosphorus in soil samples was estimated by Olsen's 
method (Olsen et al, 1954). For preparation of Olsen's reagent 42 g 
NaHCOs was dissolved in DDW to make solution the 1 litre. The pH was 
adjusted at 8.5 with small quantities of 10% NaOH. Dickman and Bray's 
reagent was prepared by dissolving 15 g of ammonium molybdate (AR) 
in 300 ml of warm water (about 60°C). After cooling, 400 ml ION HCl 
was added to make volume 1 litre. For prepration of stannous chloride 
solution, 10 g crystalline stannous chloride (LR) was dissolved in 25 ml 
HCl by warming and stored in an amber coloured bottle, carefully 
avoiding all contact with air. This was 40% SnCl2 stock solution. Just 
before use, 0.5 ml was diluted with 66 ml DDW. A piece of tin metal 
(AR) was added to keep the stock solution for long time. 
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For standard curve of phosphorus, potassium dihydrogen 
o 
orthophosphate (KH2PO4) (Analytical grade) was dried in oven at 60 C 
for 1 hr and after cooling, 0.439 g was dissolved in half litre distilled 
water. Then 25 ml of 7N H2SO4 (approx.) was added and made volume 
one litre with DDW. That was 100 mg/kg stock solution of phosphorus. 
From that stock solution, 2 mg/kg phosphorus solution was made (50 
times dilution). For preparation of the standard curve different 
concentrations of phosphorus (1, 2, 3, 4, 5 and 10 ml of 2 mg/kg P 
solution) were taken in 25 ml volumetric flasks. To these, 5 ml of 
extracted reagent (Olsen's) was added, thus blue colour developed. The 
colorimetric reading was taken against 660 nm (red filter just after 10 
minutes). The curve was plotted by taking the colorimeter reading on the 
vertical axis and the amount of phosphorus in the horizontal one. 
Air dried soil sample 2.5 g was taken in 100 ml conical flasks and a 
little quantity of Darco G60 was added followed by 50 ml of Olsen's 
o 
reagent at 25 C. A blank was run without soil. The flasks were shaken for 
30 minutes on a platform type shaker and the contents filtered 
immediately through dry filter paper (Whatman No. 1) into clean and dry 
beakers. In the filtrate, phosphorus was estimated colorimetrically by 
Dickman and Bray's (excess acid) procedure (Dickman and Bray, 1940). 
Soil extract 5 ml (filtrate obtained from shaking the soil in Olsen's 
reagent) was pipetted into a 25 ml volumetric flask. To this Dickman and 
Bray's reagent was added drop by drop with constant shaking till the 
effervescence due to CO2 evolution ceased. The neck of the flask was 
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washed down with DDW and the volume was made approximately 22 ml. 
Then one ml of the diluted stannous chloride solution (from 40% SnCb 
stock solution) was added and volume was made upto 25 ml. The 
intensity of the blue colour was measured at 660 nm using a 
spectrophotometer just after 10 minutes. The concentration of phosphorus 
was determined from the standard curve. 
Calculation: 
Available Phosphorus (jig) = R x (50/2.5) x (25/5) 
= Rx 100 
R = }ig phosphorus in the aliquot (seen from the standard curve). 
J. Available Potassium (mg/kg) 
For estimation of available potassium two reagents were prepared. 
For l.ON ammonium acetate solution of pH 7.0, 154 g ammonium acetate 
was dissolved in DDW and diluted it to 1.8 litres. Mixed thoroughly, 
adjusted pH to 7.0 with dilute ammonium hydroxide or acetic acid as 
required and made the volume the 2 litres. It was stored in polypropylene 
bottle. For standard KCl solution, 1.908 g AR grade KCl (dried at 60°C 
for 1 hr) was dissolved in DDW and made volume to 1 litre. This gave 
stock solution of 1000 mg/kg K. Then 100 ml of this stock solution was 
taken and diluted it with neutral normal ammonium acetate (extracting 
solution) upto 1 litre. This gave solution of 100 mg/kg K. From this 
solution, 0, 5, 10, 15 and 20 ml were taken in volumetric flasks of 100 ml 
capacity and made the volume by further adding jiormal neutral 
l-^-Jirt; 
ammonium acetate solution. This gave a series of standard solutions 
having 0, 5, 10, 15 and 20 mg/kg K, respectively. 
Now 5 g air-dried soil was taken in a 50 ml centrifuge tube and 25 
ml (1:5 soil to extractant) of neutral normal ammonium acetate was 
added, tube was stoppered and shaked for 10 minutes. This solution was 
centrifiiged at 2000 rpm for 10 minutes until the supernatant liquid 
became clear. The supernatant liquid was decanted into a 100 ml 
volumetric flask. 
Three additional extractions were made in the same manner. 
Diluted the combined extracts to 100 ml with ammonium acetate and 
mixed. For determination of potassium in the extract, flame photometer 
was used. Potassium (K) filter was set. The compressor was started and 
the burner of flame photometer was lighted. Air pressure was kept at 5 lbs 
and adjusted the gas feeder so as to have a blue sharp flame cones. Zero 
reading was adjusted on the scale by feeding extract solution 
(CH3COONH4) in the flame photometer. Standard KCl solution of the 
highest value in the standard series (20 mg/kg K) was feeded and adjusted 
the flame photometer to read full scale i.e. 100 reading. Now reading of 
each standard solution was taken. 
A standard curve was plotted between concentrations and readings 
of standard K solution. Extract of the sample was taken and feeded in the 
flame photometer, Reading for each sample was noted and determined 
the K concentration in the sample with the help of standard curve. 
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K. Exchangeable Magnesium (mg/kg) 
For estimating magnesium, ammonium acetate l.OM solution was 
prepared by dissolving 77.08 g NH4OAC with 900 ml DDW. The pH was 
adjusted to 7.0 with dilute ammonium hydroxide or acetic acid as 
required to make the volume 1 litre. Lanthanum solution was prepared by 
dissolving 46.88 g of La203 in about 200 ml of 12M HCl and made 
volume to 1 litre with DDW. This solution contained 4% La. 
Standard solution was prepared by diluting the 8.36 g oven dried, 
reagent-grade MgCl2.6H20 in one litre of DDW. This was the stock 
solution of 1000 mg/kg. From this stock solution, 10 ml solution was 
transferred to 100 ml volumetric flask and diluted upto the mark with 
ammonium acetate extracting solution. This solution was of 100 mg/kg. 
Then 0, \0, 20, 30, 40, 50, 60 and 70 ml of this 100 mg/kg solution were 
taken into a series of 100 ml volumetric flasks and 25 ml of 4% 
lanthanum solution was added in each flask and made up the volume with 
ammonium acetate. This gave standard solutions having Mg 
concentration 0, 10, 20, 30, 40, 50, 60 and 70 mg/kg respectively. 
Air dried 3.0 g soil was transferred to a 125 ml Erlenmeyer flask 
containing 30 ml of extracting solution. The flask was stoppered and 
shaked for a period of 15 min on a reciprocating shaker set at 120 
oscillations per minute. Extract was filtered through Whatman filter paper 
No. 2. The filtrate was kept in a plastic vial for analysis. An aliquot of the 
extract was diluted with ammonium acetate containing 4% La; a dilution 
of 1:40 is appropriate for Mg. Then magnesium in the soil extracts was 
determined with the help of atomic absorption spectrophotometer. 
L. Available Zinc and Manganese (mg/kg) 
For determining the available micronutrients Zn and Mn in soil 
sample, Lindsay and Norvell (1978) method was used. This consists of 
use of DTPA (Diethylene triamine pentaacetic acid) as an extractant. The 
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content of the cations in the extract was determined on an Atomic 
Absorption Spectrophotometer (AAS). For preparation of extracting 
solution 1.967 g DTPA and 13.3 ml triethanolamine (TEA) were 
dissolved in DDW. CaCl2.2H20 (1.47 g) was added to about 500 ml 
DDW taken in one litre volumetric flask. Then DTPA-TEA mixture was 
added to it and made the volume to about 900 ml. The pH was adjusted to 
7.3 using IN HCl, made the final volume to one litre and mixed 
thoroughly. 
For making the stock standard solution of Zn, 0.439 g zinc sulphate 
(ZnS04.7H20) was dissolved in a small volume of DDW followed by 
shaking after adding about 5 ml of 1:5 sulphuric acid. The contents were 
then diluted to one litre with DDW. Now for working standard solutions, 
10 ml of stock solution was transferred to 100 ml volumetric flask and 
diluted upto the mark with DTPA extracting solution to have a stock 
solution of 10 i^g Zn/ml (10 mg/kg). Then 0, 5, 10, 15, 20, 25, 30, 35 and 
40 ml of stock solution (10 |ig Zn/ml) were taken into a series of 100 ml 
volumetric flasks and diluted each to the mark with DTPA extracting 
solution. This gave standard solutions having Zn concentrations 0, 0.5, 
1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 i^g /ml (mg/kg). 
For making the stock standard solution of Mn, 0.3076 g 
MnS04.H20 was dissolved in a small volume of DDW followed by 
shaking after adding about 5 ml of 1:5 sulphuric acid. The contents were 
diluted to one litre with DDW. Then 0, 1, 2, 4, 6 and 8 ml of stock 
solutions were transferred to a series of a 100 ml volumetric flasks and 
diluted each to the mark with DTPA extracting solution. These solutions 
had the Mn concentration of 0, 1, 2, 4, 6 and 8 |J.g/ml (mg/kg). 
Air dried thoroughly processed 10 g soil sample was taken into 100 
ml conical flask and 20 ml of the DTPA extracting solution was added. 
The flask was capped and shaked on an electric shaker for exactly two 
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0 
hours at 25 C. Content was filtered through Whatman filter paper No. 1. 
The filtrate was kept in flask for analysis of Zn and Mn with an atomic 
absorption spectrophotometer. For this zero was set in the instrument 
with blank and standard of element was feeded to standardize the 
instrument to read concentration. Then DTPA extract was feeded and 
recorded the concentration. Above step was repeated for each element. 
M. Available Boron (mg/kg) 
For analyzing the available boron in the soil sample (Berger and 
Truog, 1939), three reagents were prepared. For Azomethine-H, 0.45 g 
azomethine-H and 1.0 g L-ascorbic acid were dissolved in about 100 ml 
o 
DDW and heated at 30 C till dissolved clearly. After cooling, it was kept 
in a refrigerator. Buffer solution was prepared by dissolving 250 g 
ammonium acetate in 500 ml DDW and adjusted the pH to 5.5 by slowly 
adding approximately 100 ml glacial acetic acid, with constant stirring. 
EDTA reagent (0.025 M) was prepared by dissolving 9.3 g EDTA in 
DDW and made the volume upto 1 litre. 
Twenty five gram soil sample was taken into a beakar. About 50 
ml DDW was added along with 0.4 g of activated charcoal. The mixture 
was boiled about 5 minutes and filtered immediately through Whatman 
filter paper No. 42. 
Now for estimation of B in the soil extract, 5 ml filtrate was 
transferred in a 25 ml volumetric flask and added 2 ml buffer reagent, 2 
ml EDTA solution and 2 ml azomethine-H solution. The chemicals were 
mixed thoroughly and left solution for 1 hour and allowed to develop 
colour and volume was made to the mark. Intensity of colour was 
measured at 420 nm. The colour that developed was found to be stable 
upto 3-4 hours. 
For preparing standard curve, 0.571 g boric acid (H3BO3) AR grade 
was dissolved in a small volume of DDW and made the volume to 1000 
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ml to obtain a stock solution of 100 |ig B/ml. The 5 ml of stock solution 
was taken in a 100 ml volumetric flask and diluted to the mark. This 
solution cotained 5 i^g B/ml. Then 0, 1.0, 2.0, 4.0, 5.0, 7.0, 9.0, 10.0, 
12.0, 14.0, and 15.0 ml of 5 (j,g B/ml solutions were taken into a series of 
25 ml volumetric flasks. Two ml each of buffer reagent, EDTA solution 
and azomethine-H solution were added. The contents were mixed after 
each addition and allowed to stand at room temperature for 30 minutes. 
The volume was made up to 25 ml with DDW and absorbance was 
measured at 420 nm. This gave standard solutions having B concentration 
0, 0.20, 0.40, 0.80, 1.0, 1.4, 1.8, 2.0, 2.4, 2.8 and 3.0 |ig B/ml. 
Calculation: 
Wt. of soil taken = 25 g 
Volume of extractant (water) added = 50 ml 
First dilution = 2 times 
Volume of filtrate taken = 5 ml 
Final volume of filtrate after color development = 25 ml 
Second dilution = 5 times 
Total dilution = 2 x 5 = 10 times 
Absorbance of the soil solution = x 
Concentration of B from standard curve against x = C |xg/ml 
Concentration of B in the soil = C x 10 jug/g = mg/kg 
2. Plant Growth and Yield 
A. Growth 
The length, fresh and dry weights of roots and shoots per plant of 
S. tuberosum were determined. Shoot length was taken from the point of 
emergence of the root to the shoot apex, while root length was recorded 
from root emergence to longest root and both were recorded in centimeter 
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(cm). Fresh weight of roots and shoots were recorded in gram (g). After 
taking fresh weight, roots and shoots were dried in a hot air oven at 80°C 
for 48 hrs and their dry weights were recorded. 
B. Yield 
After harvesting, fresh weight of tubers was taken in g. For taking 
dry weight, tubers were oven dried at 80°C for 72 hrs. 
C. Plant Biontass 
Plant biomass was taken as sum of the dry weights of shoot, root 
and tubers. 
3. Photosynthetic Pigments and NPK Concentrations 
A. Photosynthetic Pigments 
Photosynthetic pigments were estimated by MacLachlan and Zalik 
(1963) method. After 60 days of planting, one g fresh leaves were ground 
in 80% acetone with the help of mortar and pestle. The suspension was 
filtered through the Whatman filter paper No. 1 to the 100 ml volumetric 
flask and made to the known volume by adding 80% acetone. Optical 
density (O.D.) was read at 480 nm and 510 nm for carotenoids and 645 
nm and 663 nm for chlorophyll a and b against 80%) acetone as blank on 
spectrophotometer. The concentration of carotenoids, chlorophyll a, 
chlorophyll b and total chlorophyll present in the given extract were 
calculated according to the formulae given below: 
7.6 (O.D. 480) -1.49 (O.D. 510) 
a) Carotenoids = mg/g 
DxlOOOxW 
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V 
b) Chl.a = 12.7 (O.D.663) - 2.69 (O.D.645) x mg/g 
lOOOxW 
V 
c) Chl.b = 22.9 (O.D.645) - 4.68 (O.D.663) x mg/g 
lOOOxW 
V 
d) Total Chi. = 20.2 (O.D.645) + 8.02 (O.D.663) x mg/g 
lOOOxW 
O.D. = Optical density 
D = Length of the light path 
V = Total volume of the chlorophyll solution 
W = Fresh weight of the leaf 
B. NPK Concentrations of Plants 
For estimation of nitrogen, phosphorus and potassium in plants, the 
all dried parts (shoot, root and tubers) of plant were mixed together and 
milled then passed through 70-mesh sieve and stored in polythene vials. 
Digestion 
Oven dried 100 mg powder of each plant sample was transferred to 
a 50 ml Kjeldahl flask to which 2 ml sulphuric acid was added. The 
contents of the flask was heated on a temperature controlled assembly for 
about 2 hrs to allow complete reduction of nitrates present in the plant 
material by the organic matter itself. The content of the flask was turned 
black. After cooling the flask for about 15 minutes, 0.5 ml 30% hydrogen 
peroxide was added drop wise and the solution was heated again till the 
colour of the solution changed from black to light yellow. After heating 
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for about 30 minutes, the flask was allowed to cool for 10 minutes and an 
additional amount of 3-4 drops 30% hydrogen peroxide was added, 
following heating for another 15 minutes. The addition of 30% hydrogen 
peroxide, following heating was repeated and the contents of the flask 
became colorless. The peroxide digested material was transferred from 
the Kjeldahl flask to a 100 ml volumetric flask with three washings each 
with 5 ml DDW and the volume of the volumetric flask was made upto 
the mark with DDW. A proper aliquot was used for the estimation of 
nitrogen, phosphorus and potassium as described below: 
Nitrogen 
For the estimation of nitrogen in the samples, the method of Linder 
(1944) was adopted. A 10 ml aliquot of the peroxide digested material 
was taken in a 50 ml volumetric flask and the excess of acid was partially 
neutralized with 2 ml 2.5 N sodium hydroxide. One ml 10%) sodium 
silicate was added to prevent turbidity and then finally the volume was 
made up to the mark with DDW. A 5 ml aliquot of this solution was taken 
into a 10 ml graduated test tube and 0.5 ml of Nessler's reagent was 
added drop by drop, mixing thoroughly after each instalment. After 
adding DDW to make up the volume, the content was allowed to stand 
for about 5 minutes for maximum colour development. The solution was 
then transferred to a colorimetric tube and the per cent transmittance was 
read at 525 nm on spectrophotometer. A blank was run with each set of 
determination. 
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Standard curve 
Fifty mg ammonium sulphate was dissolved in 1 litre DDW. From 
this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 ml were 
transferred to ten test tubes separately. The solution in each test tube was 
diluted to 5 ml with DDW. In each test tube, 0.5 ml Nessler's reagent was 
added. After 5 minutes, the percent transmittance was read at 525 nm on 
spectrophotometer. A blank was run with each set of determination. 
Standard curve was prepared for different dilutions of ammonium 
sulphate solution versus O.D. With the help of the standard curve, the 
amount of nitrogen present in the sample was determined. 
Phosphorus 
Total phosphorus in the sulphuric acid peroxide digested material 
was estimated by the method of Fiske and Subba Row (1925). A 5 ml 
aliquot was taken in a 10 ml graduated tube and 1 ml molybdic acid 
(2.5% ammonium molybdate in ION H2SO4) was carefully added 
followed by 0.4 ml of 1, 2, 4-amino-naphthol-sulphonic acid which 
turned the contents blue. The solution was allowed to stand for about 5 
minutes after mixing thoroughly. It was then transferred to a colorimetric 
tube and the per cent transmittance was read at 620 nm on 
spectrophotometer. A blank was run for each set of determination. 
Standard curve 
Potassium dihydrogen orthophosphate (351 mg) was dissolved in 
sufficient DDW to which 10 ml ION H2SO4 was added and the final 
volume was made upto 1 litre with DDW. From this solution 0.1, 0.2, 0.3, 
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0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml were transferred to ten test tubes 
separately. The solution in each tube was diluted to 5 ml with DDW. In 
each tube, 1 ml molybdic acid and 0.4 ml of 1, 2, 4-amino-naphthol-
sulphonic acid were added. After 5 minutes, the per cent transmittance 
was read at 620 nm on spectrophotometer. A blank was also run for each 
set of determination. Standard curve was prepared for different dilutions 
of potassium dihydrogen orthosulphate solution versus O.D. With the 
help of the standard curve, the amount of phosphorus present in the 
sample was determined. 
Potassium 
Potassium was estimated with the help of flame photometer. After 
adjusting the filter for potassium in the photometer, 10 ml peroxide 
digested material was run. A blank was also run with each set of 
determination. 
Standard curve 
Potassium chloride (1.91 g) was dissolved in 100 ml DDW, of 
which 1 ml solution was diluted to 1 litre. The resulting solution was of 
10 mg/kg potassium. From this 10 mg/kg potassium solution, 1, 2, 3, 4, 5, 
6, 7, 8, 9 and 10 ml solutions were transferred to 10 vials separately. The 
solution in each vial was diluted to 10 ml with DDW. The diluted 
solution of each vial was run separately. A blank was also run with each 
set of determination. Standard curve was prepared for different dilutions 
of potassium chloride solution versus readings on the scale of the 
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galvanometer. With the help of the standard curve, the amount of 
potassium present in the sample was determined. 
4. Protein and Carbohydrate Contents 
A. Protein Estimation 
The protein contents of tubers of S. tuberosum were estimated by 
the method of Lowry et al. (1951). 
Reagents : Following reagents were prepared for estimation of soluble 
and insoluble protein contents: 
Reagent A — 2% sodium carbonate in 0.IN NaOH in ratio of 1:1. 
Reagent B — 0.5% CUSO4 in 1% sodium tartrate in the ratio of 1:2. 
Reagent C - 50 ml Reagent A + 1 ml Reagent B (alkaline CUSO4). 
Reagent D — 50 ml of 2% sodium carbonate in 1 ml Reagent B 
(carbonate copper sulphate solution). 
Reagent E — Folin's reagent diluted to make IN acid (diluted 
Folin's reagent). 
Standard curve: Before actual estimation, a standard curve was 
prepared by dissolving 40 mg of egg albumin in O.IN NaOH solution and 
the volume was made up to 100 ml. From this solution, aliquots of 0.1 ml 
to 1 ml were taken in 10 test tubes. Reagent A was added to the test tubes 
and after 10 minutes, 0.5 ml of reagent E was added. The optical density 
was read at 660 nm and standard curve was drawn between optical 
density and concentrations. 
Soluble protein : Fifty mg dry powder of tubers was ground in 5 ml of 
DDW in mortar and pestle. The water extract was decanted in centriftige 
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tube for centrifligation at 4000 RPM for 10 minutes. The supernatant was 
collected in 25 ml volumetric flask and residue was retained in the 
centrifuge tube for estimating insoluble protein. After making the volume 
up to 25 ml, one ml of this water extract was transferred to a 10 ml test 
tube followed by addition of 5 ml of Reagent C. After mixing, the 
solution was left as such for 10 minutes. Then 0.5 ml of Reagent E was 
added and mixed immediately. After half an hour the per cent 
transmittance was read at 660 nm. A blank was run along with the 
experimental set. The protein content was determined by using standard 
curve. 
Insoluble protein : The residue retained in the centrifuge tube was used 
for insoluble protein estimation. Five ml of 5% trichloroacetic acid was 
added to the residue with thorough shaking. After half an hour, it was 
centriftiged at 4000 RPM for 10 minutes. The supernatant was discarded. 
Five ml of IN NaOH was added into the residue with vigorous shaking. 
After half an hour, it was again centrifuged and supernatant was collected 
in volumetric flask and volume was made up to 50 ml with IN NaOH. 
One ml of this solution was taken in test tube with 5 ml of Reagent D 
followed by mixing. After 10 minutes, 0.5 ml of Reagent E was added 
with immediate mixing. The per cent transmittance was read at 660 nm 
after 30 minutes. The IN NaOH was used as control. The protein content 
was calculated by using the standard curve. 
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B. Carbohydrate Estimation 
Soluble and insoluble carbohydrates of tubers of 5*. tuberosum were 
extracted by the method of Yih and Clark (1965), and were estimated by 
the method of Dubois et al (1956). 
Reagents : Following Reagents were used for estimation of carbohydrate 
contents: 
Reagent A - I.5NH2SO4 
Reagent B — cone. H2SO4 
Reagent C - 5% Phenol 
Reagent D - 80% Ethyl Alcohol 
Standard curve : Forty mg of glucose was dissolved in 100 ml of DDW. 
From this stock solution, aliquots of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9 and 1.0 ml were taken in separate test tubes and volume was 
maintained up to 2 ml with DDW. This was followed by the addition of 1 
ml of 5% phenol and 5 ml of cone. H2SO4. It was kept in chilled water to 
cool. After half an hour, the solution was transferred to calorimeter tube 
and optical density (O.D.) was read at 490 nm on a spectrophotometer. 
Extraction of soluble carbohydrate : Fifty mg over night oven dried 
powder of each sample was transferred to glass centrifuge tube. To this, 5 
o 
ml of 80% ethyl alcohol was added and then heated on water bath at 60 C 
for 10 minutes. The sample was cooled and centrifuged at 4000 RPM for 
10 minutes. The supernatant was poured into 25 ml volumetric flask with 
three washings and the final volume was made up with 80% ethyl alcohol 
(residue was retained in same centriftige tube for extraction of insoluble 
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carbohydrate). One ml of this extract was transferred in a test tube and 
evaporated to dryness on a water bath. The test tube was cooled and 2 ml 
of DDW was poured into it. This extract was used for estimation of 
soluble carbohydrate. 
Extraction of insoluble carbohydrate : To the residue retained in 
centrifiige tube 5 ml of 1.5N H2SO4 was added and heated on water bath 
for 2 hrs at 90-95 C. This digested sample was cooled and centrifuged at 
4000 RPM for 10 minutes. The supernatant was collected in 25 ml 
volumetric flask with at least 3 washings and final volume was made up 
with DDW. This extract was used for estimation of insoluble 
carbohydrate. 
Estimation of soluble and insoluble carbohydrate : To each test tube 
containing 1 ml extract of soluble/insoluble carbohydrate, 1 ml of 5% 
distilled phenol was pipetted, followed by the addition of 5 ml cone. 
H2SO4. Test tubes were shaken well and colour of solution turned 
yellowish orange. Test tubes were cooled by placing them in chilled 
water. After half an hour, the solution was transferred to calorimeter tube 
(In case of insoluble carbohydrate, coloured solution and DDW were 
taken in ratio of 1:1) and optical density (O.D.) was measured at 490 nm. 
A blank was run with each sample. The carbohydrate content was 
calculated by using standard curve. 
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5. Leaf Epidermal Characters 
Freshly collected mature leaves from the unharvested plants at the 
end of the experiments were fixed and preserved in formalin-aceto-
alcohol (FAA) in separate bottles (Johansen, 1940). 
Preparation of Leaf Peelings: 
Leaf peelings were prepared according to the method of Ghouse 
and Yunus (1972). Leaf pieces were boiled in 40% HNO3 for 2-3 min. 
When the epidermis of both the surfaces of leaves had separated, 
epidermal peelings were washed thrice with water and transferred to 20% 
KOH for 15 min which neutralized the acid. After three washings, the 
peelings were ready for staining. 
Staining: 
The washed epidermal peelings were kept in 30% alcohol for 10 
min and then transferred in 50% alcohol for 5 min. The peelings were 
then stained with bismark brown (in 50% alcohol) for 12 hrs. At the end 
of this period, the peelings were washed with 50% alcohol three times, 
with 5 min intervals and then passed through a series of 70%, 90% and 
absolute alcohol + xylene and xylene. The peelings were mounted in 
Canada balsam. 
Observation ofStomata and Trichomes: 
The slides were examined under light microscope. The number of 
stomata and trichomes on lower and upper leaf surfaces were counted and 
calculated in per cm leaf surface. The size (length and width) of stomata 
and stomatal aperture and length of trichomes were measured in |im on 
both the leaf surfaces. 
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STATISTICAL ANALYSIS: 
Data were analyzed using analysis of variance for single factor 
(ANOVA) and L.S.D. values were calculated at P<0.05 and P<0.01 for 
significance (Gomez and Gomez, 1984). 
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RESULTS 
SECTION-I (FLY ASH) 
In this section, piiysico-chemical composition of different levels of 
fly ash amended soil, before planting and after harvesting ofS. tuberosum 
var. Kufri Alankar was studied. Plant growth, yield, biomass, 
photosynthetic pigments, NPK concentrations of plants, and protein and 
carbohydrate contents of tubers of S. tuberosum were observed in soil 
application as well as foliar application of fly ash separately. Leaf 
epidermal characters were also recorded in foliar application of fly ash. 
Experiment-1: Physico-chemical analysis of fly ash amended soil 
before planting ofS. tuberosum. 
Data summarized in table 4 show that the pH, electrical 
conductivity (EC), cation exchange capacity (CEC), water holding 
capacity (WHC) and pore space were increased gradually as the levels of 
fly ash were increased. Above parameters were significant (P<0.05 and 
P<0.01) at all the levels as compared to control, except at 5% fly ash 
level, where all parameters were non-significant either at P<0.05 or 
P<0.01. Highest increase in these parameters was recorded at 50% fly ash 
level (Fig. 8). 
There was also a significant (P<0.05 and P<0.01) increase in the 
sulphate and chloride contents, with respect to the increasing levels of fly 
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Exp. 1 : Physico-chemical properties of fly ash amended soil 
before planting ofS. tuberosum var. 
Kufri Alankar. 
ash as compared to control, as well as when compared among the 
treatments (Table 4). 
In NPK concentrations, nitrogen was decreased significantly in all 
the treatments as compared to control and also among the treatments. 
While, phosphorus and potassium concentrations were increased 
significantly with the increment in fly ash level, except phosphorus at 5% 
level and potassium upto 10% level as compared to the control (Table 4, 
Fig. 9). 
Similarly magnesium, zinc, manganese and boron were also 
increased significantly with respect to the levels of fly ash, except 
magnesium and manganese, which were non-significant (P<0.01) at 5% 
and 10% fly ash levels respectively. Highest increase was found at 50% 
level (Table 4, Fig. 9). 
Experimeni-2: Physico-chemical analysis of fly ash amended soil after 
harvesting ofS. tuberosum. 
Data shown in table 5 show that the pH, EC, CEC, WHC and pore 
space of fly ash amended soil after harvesting were significantly greater 
than control at all the levels, except at 5% treatment, where pH, EC, CEC 
and WHC were non significant (P<0.05 or P<0.01). The highest 
increase in all these parameters was recorded at 50% fly ash level (Fig. 
10). 
Sulphate was first significantly decreased (P<0.01) as compared to 
control upto 15% treatment, whereas it was at par with control in 20% 
treatment, then it was significantly increased in all the consequent 
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Exp. 2 : Physico-chemical properties of fly ash amended soil 
after harvesting of 5. tuberosum var. 
Kufri Alankar. 
treatments. Chloride was significantly increased in all the treatments as 
compared to control as well as among the treatments (Table 5). 
In NPK concentrations, nitrogen was observed (1.5 mg/kg) only in 
control, while it was absent in other treatments of fly ash application. 
While, phosphorus and potassium were first decreased significantly upto 
15% and 20% treatments respectively, then increased statistically 
onwards 20% and 30% treatments respectively as compared to control. 
However, phosphorus was 6.2 mg/kg in 5, 10 and 15% treatments and 
potassium at 25%> treatment was statistically at par with control. The 
elements magnesium, zinc, manganese and boron were increased 
significantly (P<0.01) at all the levels, except zinc, which was non-
significant at 5% and 10% levels and manganese at 25% level. However, 
highest increase in above parameters was recorded at 50% fly ash level 
(Table 5, Fig. 11). 
Experiments: Effect of fly ash as soil application on plant growth, 
yield, photosynthetic pigments, NPK concentrations of plant, and 
protein and carbohydrate contents of tubers ofS. tuberosum. 
Data presented in table 6 reveal that the application of fly ash in 
soil was beneficial for the plant growth and yield of potato at lower levels 
(5% to 25%). The length, fresh weight, dry weight of root and shoot were 
increased significantly (P<0.05 and P<0.01) from 5% to 20% levels of fly 
ash in comparison to control. Highest increase in above parameters was 
recorded at 15% level of fly ash (Fig. 12). Then gradually, these 
parameters were significantly declined. However, some of the parameters 
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were non-significant at 25% and 30% levels as compared to control 
(Table 6). 
The yield of potato in terms of tuber fresh weight and tuber dry 
weight was also increased significantly (P<0.05 and P<0.01) from 5% to 
25% levels and onwards 30% level, it was decreased gradually (Fig. 12). 
However, tuber fresh weight and tuber dry weight were non-significant at 
30% level. The highest increase in yield was recorded at 15% level of fly 
ash (Table 6). Similarly plant biomass was also significantly increased 
upto 20%) treatments, maximum being at 15%) treatment (Fig. 12). 
However, it was at par with control in 25 and 30%) treatments. Onwards 
40%o level, a sharp decline was noticed (Table 6). 
Table 7 shows that the chlorophyll contents (chl. a, chl. b, total chl. 
and carotenoids) of leaves were found to be increased apparently from 
10%) to 25%) levels and onwards 30% level these parameters declined. All 
photosynthetic pigments were recorded highest at 15%) level, upto the 
extent of 1.05, 0.62, 1.67 and 0.0057 mg/g in chl. a, chl. b, total chl. and 
carotenoids respectively (Fig. 13). 
Nitrogen concentration of plants was decreased significantly in all 
the treatments, except at 5%o level where it was non-significant (P<0.01). 
Phosphorus was increased significantly at the levels of 10, 15 and 20%) as 
compared to control. However, this did not differ significantly in above 
levels and ranged between 20.9 to 26.1 mg/plant. Onwards 30% level, it 
was declined sharply. However, it was at par with control at 5 and 25%o 
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Exp. 3 : Effect of soil application of fly ash on S. tuberosum 
var. Kufri Alankar. 
levels. Similarly, potassium was increased significantly upto 20% 
treatment, after that gradually decreased (Table 7). 
Table 8 shows that the soluble protein, insoluble protein and total 
protein contents of tubers of S. tuberosum were decreased significantly 
(P<0.05 and P<0.01) in all the treatments as compared to control. Highest 
reduction was found in range between 10 and 30% application of fly ash 
(Fig. 13). 
The carbohydrate contents were increased apparently upto 25% 
level and then gradually declined as fly ash levels were increased (Table 
8, Fig. 13). However, these parameters were significantly higher in the 
range between 10 to 20% application of fly ash. 
Experiment-4: Effect of fly ash as foliar application on plant growth, 
yield, photosynthetic pigments, NPK concentration of plants, and 
protein and carbohydrate contents of tubers ofS. tuberosum. 
Data comprised in table 9 show that the foliar application of fly ash 
adversely affected the plant growth and yield ofS. tuberosum. There was 
a gradual and significant (P<0.05 and P<0.01) reduction in length, fresh 
weight and dry weight of root and shoot of potato with respect to the 
increasing doses of fly ash, except at 0.25 g/mVday dose (Fig. 14). 
Similarly, yield of potato in terms of tuber fresh weight and tuber 
dry weight was also decreased significantly (P<0.05 and P<0.01) with 
respect to the increase in doses of fly ash, except in 0.25 g/mVday dose, 
where these were non-significant at P<0.01 level. A significant reduction 
in biomass was also observed in all the doses as compared to control, 
except in 0.25 g/m^/day dose (Table 9, Fig. 14). 
Table 10 shows that foliar application of fly ash adversely affected 
the photosynthetic pigments and NPK concentrations of plants of S. 
tuberosum. Photosynthetic pigments (chl.a, chl.b, total chl. and 
carotenoids) were declined significantly (P<0.05 and P<0.01) in all the 
doses as compared to control, except chl.a, chl. b and total chl. which 
were non-significant in 0.25 g/mVday dose and carotenoids in 0.25 and 
0.50 gW/day doses. Thus the reduction was directly proportional to the 
doses increased (Fig. 15). 
Similarly, the NPK concentrations of plants were also declined 
significantly (P<0.05 and P<0.01) in all the doses of fly ash as compared 
to control, except in 0.25 g/m /day dose, where these were non-significant 
atP<0.01 level (Table 10) 
Table 11 and figure 15 show the effect of fly ash as foliar 
application on protein and carbohydrate contents of tubers of S. 
tuberosum. Protein contents (soluble protein, insoluble protein and total 
protein) were decreased gradually and significantly (P<0.05 and P<0.01) 
with the increasing doses of fly ash as compared to control, except in 0.25 
g/m /day dose, where these parameters were non-significant (P<0.05 and 
P<0.01) as compared to control. 
Similarly, carbohydrate contents (soluble carbohydrate, insoluble 
carbohydrate, and total carbohydrate) were also gradually and 
Aetna Aza i , 
significantly (P<0.05 and P<0.01) reduced in all the doses, except in 0.25 
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Exp. 4 : Effect of foliar application of fly ash on 
S. tuberosum var. Kufri Alankar. 
g/m /day dose, where these parameters were non-significant (P<0.05 and 
P<0.01) as compared to control. 
Experiments.• Effect of fly ash as foliar application on epidermal 
characters of leaves ofS. tuberosum. 
Data presented in table 12 and figure 16 show that the foliar 
application of fly ash significantly affected all the epidermal characters of 
leaves on both the surfaces. The number of stomata was greater at lower 
surface than upper surface. Numbers of stomata, size of stomata (length 
and width) and size of stomatal aperture (length and width) on both the 
surfaces were decreased gradually and significantly (P<0.05 and 
P<0.01) with the increase in doses, except in width of stomatal aperture, 
which was non-significant in 0.25 g/m /day dose. 
The number and length of trichomes were, however, favourably 
increased on both the surfaces as doses were increased (Fig. 17). The data 
were significant (P<0.05 and P<0.01) in all the doses as compared to 
control (Table 12). 
SECTION -II (BRICK KILN DUST) 
This section includes the evaluation of physico-chemical 
composition of different levels of brick kiln dust amended soil, before 
planting and after harvesting of S. tuberosum. The plant growth, yield, 
biomass, photosynthetic pigments, NPK concentrations of plants, and 
protein and carbohydrate contents were observed both in soil application 
as well as in foliar application of brick kiln dust. Leaf epidermal 
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Exp. 5 : Effect of foliar application of fly ash on 
epidermal characters of leaves ofS, tuberosum 
var. Kufri Alankar. 
characters of S. tuberosum were also assessed in foliar application of 
brick kiln dust. 
Experiment-6: Physico-chemical analysis of brick kiln dust amended 
soil before planting ofS. tuberosum. 
Data comprised in table 13 and figure 18 show that there was a 
significant (P<0.05 and P<0.01) and gradual increase in pH, EC, CEC, 
WHC and pore space as the level of brick kiln dust was increased in soil, 
except at 5% treatment, where these were non-significant either at P<0.05 
orP<0.01 level. 
Sulphate and chloride were increased significantly (P<0.05 and 
P<0.01) with the increase in the levels, except at 5% treatment, where 
these parameters were at par with control (Table 13). 
In NPK concentrations, nitrogen and potassium were decreased 
gradually and significantly with the increment in the levels, except at 5% 
level of brick kiln dust, where potassium was non-significant. However, 
phosphorus was increased significantly as compared to control, except at 
5 and 10% treatments, where it was at par with control on both the levels 
P<0.05 and P<0.01 (Table 13, Fig. 19). 
Elements; magnesium, zinc and boron were increased significantly 
(P<0.05 and P<0.01) with the increasing level of brick kiln dust, except 
magnesium at 5% level and zinc from 5 to 15% treatments, where these 
parameters were statistically similar to control. However, manganese was 
apparently increased but it was statistically similar to control in all the 
treatments (Table 13, Fig. 19). 
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Exp. 6 : Physico-chemical properties of brick kiln dust 
amended soil before planting ofS. tuberosum var. 
Kufri Alankar. 
Experiment-7: Physico-chemical analysis of brick kiln dust amended 
soil after harvesting ofS. tuberosum. 
Data summarized in table 14 and figure 20 show that there was 
gradual and significant increment in pH, EC, CEC, WHC and pore space 
with the increase in brick kiln dust level, except EC, CEC and WHC 
which were non-significant (P<0.01) at 5% treatment. This table also 
shows that there was gradual and significant increase in sulphate and 
chloride contents in all the levels except at 5% treatment, where these 
were non-significant at P<0.01. 
In NPK concentrations, nitrogen was recorded only in control (1.5 
mg/kg) and at 50% level (3.5 mg/kg). However, phosphorus and 
potassium were first apparently decreased significantly upto 25% level 
and then increased slowly in subsequent levels, except potassium which 
was non-significant at 5% treatment at P<0.01 (Table 14, Fig. 21). 
Similarly, magnesium and manganese were also apparently 
decreased gradually upto 25% level then increased gradually in 
subsequent levels. The data were non-significant at 5, 10, 30 and 40% 
levels for magnesium; and at 5 and 40% for manganese. However, zinc 
and boron were increased significantly at all the treatments when 
compared to control, except zinc which was non-significant at 5, 10 and 
15% levels, while boron at 5% level (Table 14, Fig. 21). 
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Exp. 7 : Physico-chemical properties of brick kiln dust 
amended soil after harvesting of 5. tuberosum 
var. Kufri Alankar. 
Experiment-8: Effect of brick kiln dust as soil application on plant 
growth, yield, photosynthetic pigments, NPK concentrations of plant, 
and protein and carbohydrate contents of tubers ofS. tuberosum. 
Data presented in table 15 reveal that potato crop showed variable 
growth responses to different levels of brick kiln dust in soil. At 25% 
level, plant growth in terms of length, fresh weight and dry weight of root 
and shoot was improved much better than other levels, however, a 
significant increase (P<0.05 and P<0.01) in growth parameters was 
observed from 10 to 30% levels. At 50% level, there were marked 
reductions in all these parameters. Highest increase in root length, shoot 
length, root fresh weight, shoot fresh weight, root dry weight and shoot 
dry weight was recorded at 25% brick kiln dust level (Fig. 22). 
The yield in terms of tuber fresh weight and tuber dry weight was 
also affected by soil application of brick kiln dust. The significant 
increase (P<0.05 and P<0.01) in these parameters was observed from 10 
to 30% levels. Highest increase in tuber fresh weight and tuber dry 
weight was recorded at 25% level. At 50% level, these parameters were 
decreased significantly. Similar result was also observed for biomass 
(Table 15, Fig. 22). 
Table 16 shows that photosynthetic pigments of leaves were 
gradually increased with the increase in the levels of brick kiln dust. 
Significant increase in chl. a, chl. b, total chl. and carotenoids was 
recorded from 10 to 30% levels, highest being at 25% level. At 50% 
81 
level, there was marked reduction in chl. b and total chl. as compared to 
control (Fig. 23). 
In NPK concentrations of plants, nitrogen was gradually decreased 
(P<0.05 and P<0.01) with respect to the increasing levels, however, at 5% 
level it was non-significant as compared to control. Phosphorus and 
potassium were significantly increased (P<0.05 and P<0.01) from 10 to 
30% levels, highest being at 25% level. At 50% level, these parameters 
were significantly reduced as compared to control (Table 16). 
Table 17 shows that soluble, insoluble and total protein were 
decreased gradually as the levels of brick kiln dust were increased (Fig. 
23). Highest reduction in these parameters was recorded in the range 
between 15 to 50% application of brick kiln dust. However, soluble 
carbohydrate, insoluble carbohydrate and total carbohydrate were 
increased significantly from 15 to 30%) levels, highest being at 25%) level 
(Fig.23). In rest of the treatments all these parameters were non-
significant as compared to control. 
Experiment-9: Effect of brick kiln dust as foliar application on plant 
growth, yield, photosynthetic pigments, NPK concentrations of plants, 
and protein and carbohydrate contents of tubers ofS. tuberosum. 
Data presented in table 18 reveal that the foliar application of brick 
kiln dust caused significant effect on plant growth and yield parameters. 
The plant growth in terms of length, fresh weight, dry weight of root and 
shoot was decreased gradually and significantly as the brick kiln dust 
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Exp. 8 : Effect of soil application of brick kiln dust on 
S. tuberosum var. Kufri Alankar. 
doses were increased, except in 0.25 g/m^/day dose, where these 
parameters were non-significant (Fig. 24). 
Yield in terms of tuber fresh weight and tuber dry weight was also 
decreased significantly (P<0.05 and P<0.01) in all the doses, except in 
0.25 g/m /day dose, where all these parameters were non-significant as 
compared to control. Similar result was also observed for plant biomass 
(Table 18, Fig. 24). 
Data in table 19 reveal that photosynthetic pigments were retarded 
significantly (P<0.05 and P<0.01) in different doses of foliar application 
of brick kiln dust (Fig. 25). Reduction in all the parameters (chl. a, chl. b, 
total chl. and carontenoids) was inversely proportional to the increasing 
doses, except 0.25 g/m /day dose, where these were non-significant. 
However, carotenoids were non-significant up to 0.50 g/m /day dose. 
The NPK concentrations of plants of S. tuberosum were also 
decreased gradually and significantly (P<0.05 and P<0.01) as the doses 
were increased. However, nitrogen and potassium were non-significant at 
P<0.01 and phosphorus at P<0.05 in 0.25 g/m^/day dose (Table 19). 
Table 20 and figure 25 show the effect of brick kiln dust as foliar 
application on protein and carbohydrate contents ofS. tuberosum. Protein 
contents (soluble protein, insoluble protein and total protein) were 
reduced gradually and significantly (P<0.05 and P<0.01) from 1.00 to 
•y 
4.00 g/m /day doses as compared to control. While in other doses these 
parameters were at par with control. 
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Exp. 9 : Effect of foliar application of brick kiln dust on 
S. tuberosum var. Kufri Alankar. 
Similarly, soluble and insoluble carbohydrate were also decreased 
gradually and significantly (P<0.05 and P<0.01) in all the doses of brick 
kiln dust as compared to control, except in 0.25 g/m^/day dose. However, 
total carbohydrate was decreased apparently in all the doses. But it was at 
par in 0.25, 0.50 and 1.00 gW/day doses when compared statistically to 
control. While it was significant in 2.00 and 4.00 g/m^/day doses (Table 
20). 
Experiment-10: Effect of brick kiln dust as foliar application on 
epidermal characters of leaves ofS. tuberosum. 
Data summarized in table 21 and figure 26 reveal that the foliar 
application of brick kiln dust were also adversely affected the epidermal 
characters of leaves of 5. tuberosum. Number and size (length and width) 
of stomata and size of stomatal aperture (length and width) on both upper 
and lower surfaces of leaves were decreased gradually and significantly 
with the increase in doses, except width of stomata and aperture of upper 
surface of leaves, which were non-significant in 0.2 5 g/m /day dose. 
However, number and length of trichomes were increased 
gradually and significantly (P<0.05 and P<0.01) with the increase in 
brick kiln dust doses, except in 0.25 g/m /day dose when compared to 
control (Table 21, Fig. 27). 
SECTION-III (CEMENT DUST) 
The physico-chemical characteristics of different levels of cement 
dust amended soil, before planting and after harvesting of S. tuberosum 
were studied in this section. This section also includes the studies of 
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Exp. 10 : Effect of foliar application of brick kiln dust 
on epidermal characters of leaves of 5. tuberosum 
var.Kufri Alankar. 
cement dust impact as soil and foliar applications on plant growth, yield, 
biomass, photosynthetic pigments, NPK concentrations of plants, and 
protein and carbohydrate contents of tubers of S. tuberosum. Leaf 
epidermal characters were also recorded in foliar application of cement 
dust, 
Experiment-11: Physico-chemical analysis of cement dust amended soil 
before planting ofS. tuberosum. 
Data summarized in table 22 and figure 28 show that the pH, EC 
and CEC were increased significantly (P<0.05 and P<0.01) in all the 
concentrations of cement dust, except pH which was non-significant 
(P<0.01) at 5% cement dust level. Whereas, WHC and pore space were 
significantly (P<0.05 and P<0.01) decreased with the increase in cement 
dust level, except at 5% level, where these parameters were non-
significant. Above table also shows that sulphate and chloride were 
significantly decreased with the increasing levels, except sulphate, which 
was at par with control (P<0.01) at 5% level. 
In NPK concentrations, nitrogen and phosphorus were decreased 
significantly in all the levels of cement dust as compared to control 
(P<0.05 and P<0.01). Whereas, potassium was decreased significantly 
from 20 to 50% levels, while it was statistically similar to control at 5, 10 
and 15% levels (Table 22). There was also a significant decrease in 
concentrations of magnesium, zinc, manganese and boron with respect to 
the increasing levels of cement dust, except magnesium and manganese, 
which were non-significant (P<0.01) at 5% level (Table 22, Fig. 29). 
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Exp. 11 : Physico-chemical properties of cement dust 
amended soil before planting of 5'. tuberosum var. 
Kufri Alankar. 
Experiment-12: Physico-chemical analysis of cement dust amended soil 
after harvesting ofS. tuberosum. 
Data summarized in table 23 and figure 30 reveal that there was a 
gradual and significant increment in pH, EC and CEC with the increasing 
cement dust levels, except at 5% treatment, where these parameters were 
at par with control. However, WHC and pore space were decreased 
significantly (P<0.05 and P<0.01) at all the levels as compared to 
control, except WHC at 5 and 10% levels, and pore space at 5% level of 
cement dust. Above table also shows a gradual and significant decrease 
in chloride content at all the levels, except at 5% level, where it was non-
significant. While, sulphate was significantly increased at all the levels. 
In NPK concentrations, nitrogen, phosphorus and potassium were 
increased significantly (P<0.05 and P<0.01) at all the levels as compared 
to control. Magnesium was increased significantly at all the levels, except 
at 5% level. Zinc and manganese were decreased significantly in all the 
treatments. Boron was increased upto 20% level, then it was decreased at 
subsequent levels, however, it was non-significant at 20% level (Table 
23, Fig. 31). 
Experiment-13: Effect of cement dust as soil application on plant 
growth, yield, photosynthetic pigments, NPK concentrations of plants, 
and protein and carbohydrate contents of tubers ofS. tuberosum. 
Data presented in table 24 and figure 32 show that soil application 
of cement dust adversely affected the plant growth, yield and biomass at 
all the levels. Even, plants declined to grow after 25% level. Plant growth 
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Exp. 12 : Physico-chemical properties of cement dust 
amended soil after harvesting of 5. tuberosum var. 
Kufri Alankar. 
in terms of length, fresh weight and dry weight of root and shoot was 
decreased significantly (P<0.05 and P<0.01) in all the detected levels of 
cement dust. The yield in terms of fresh weight and dry weight of tubers 
was highly affected. Onwards 20% level, the tubers could not be 
developed. Similarly, plant biomass was also decreased. 
Table 25 shows marked reduction in photosynthetic pigments up to 
25% level of cement dust. However, at 5% level, chl. b was non-
significant (P<0.01) as compared to control. Onwards 25% level, these 
parameters could not be detected (Fig. 33). NPK concentrations were also 
decreased significantly (P<0.05 and P<0.01) in all the levels and highest 
decrease was recorded at 20% level. Onwards 25% level, these 
parameters could not be observed. 
Table 26 shows that soluble, insoluble and total protein contents of 
tubers of S. tuberosum were decreased gradually and significantly 
(P<0.05 and P<0.01) upto 20% level of cement dust as compared to 
control. After 20% level, these parameters could not be observed (Fig. 
33). Similarly, soluble, insoluble and total carbohydrate contents were 
also decreased significantly with the increase in levels and highest 
reduction was occurred at 20% level. Carbohydrate contents could not be 
detected from 25%o level onwards (Table 26, Fig. 33). 
Experiment -14: Effect of cement dust as foliar application on plant 
growth, yield, photosynthetic pigments, NPK concentrations of plants, 
and protein and carbohydrate contents of tubers ofS, tuberosum. 
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Exp. 13 : Effect of soil application of cement dust on 
S. tuberosum var. Kufri Alankar. 
Data presented in table 27 and figure 34 show that the foliar 
application of cement dust adversely affected the plant growth, yield and 
biomass of S. tuberosum. Plant growth in terms of length, fresh weight, 
dry weight of root and shoot was reduced gradually and significantly 
(P<0.05 and P<0.01) in all the doses of cement dust. Yield in terms of 
tuber fresh weight and tuber dry weight, and plant biomass were also 
decreased significantly in all the doses as compared to control as well as 
among the doses. 
Table 28 and figure 35 show a gradual and significant (P<0.05 and 
P<0.01) decrease in photosynthetic pigments of iS. tuberosum as the doses 
were increased. However, chl. b and carotenoids were at par with control 
in 0.25 g/mVday dose at P<0.01 level. Similarly NPK concentrations 
were also significantly reduced in all the doses except in 0.25 g/m /day 
dose at P<0.01 level as compared to control (Table 28). 
Table 29 shows that soluble, insoluble and total protein contents 
were decreased significantly (P<0.05 and P<0.01) with the increase in 
cement dust doses. Similarly, soluble, insoluble and total carbohydrate 
contents were also decreased with respect to doses and maximum 
reduction was occurred in 4.0 g/m /day dose (Table 29, Fig. 35), 
Expenment-15: Effect of cement dust as foliar application on 
epidermal characters of leaves ofS. tuberosum. 
Data given in table 30 show the effect of cement dust as foliar 
application on stomata and trichomes of leaves of S. tuberosum. There 
was gradual and significant reduction in number of stomata, size of 
stomata (length and width) and size of stomatal aperture (length and 
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Exp. 14 : Effect of foliar application of cement dust on 
S. tuberosum var. Kufri Alankar. 
width) on both the surfaces in all the doses of cement dust (Fig. 36). 
However, number and length of trichomes were gradually increased 
(P<0.05 and P<0.01) in all the cement dust doses, except in 0.25 
g/m /day dose, where length of trichomes on upper surface was non-
significant at P<0.01 when compared to control (Table 30, Fig. 37). 
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Exp. 15 : Effect of foliar application of cement dust on 
epidermal characters of leaves of 5. tuberosum var. 
Kufri Alankar. 
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DISCUSSION 
SECTION -I (FLY ASH) 
Application of fly ash in agriculture is a fast emerging and 
promising field of research. Studies and data available in literature 
indicate that fly ash can serve as non conventional fertilizer, as it 
enhances plant growth and productivity of crops (Kalra et al., 1998; 
Sikka and Kansal, 1995; Wong and Wong, 1989). Soil characteristics and 
the changes brought about by the application of different levels of fly ash 
in soil have also attracted attention of investigators. An effort in this 
direction was made in the present study. 
The pH, EC and CEC were increased gradually as levels of fly ash 
were increased gradually in soil. The rise in pH actually depends 
primarily on soil buffering capacity. The increased pH was also observed 
in many studies when fly ash levels were increased gradually 
(Brahmachari et al., 1999; Khan and Khan, 1996; Menon et al., 1990; 
Page et al., 1979; Tripathy and Sahu, 1997). However, Pathan et al. 
(2003) showed the considerable variation in pH when fly ash obtained 
from different sources in Australia, with samples from Muja being the 
most acidic (pH=3.8) and from Gladstone the most alkaline (pH=9.9). 
The rise in EC might be due to the higher amount of inorganic 
constituents in fly ash. Earlier reports also confirm the present finding of 
increment of EC (Eary et al., 1990; Khan and Khan, 1996; Singh et al. 
1994; Upadhyay, 2004). Fly ash has also been reported to improve the 
nutritional status of soils via increases in CEC and by provision of some 
essential nutrients (Carlson and Adriano, 1993; Roberts, 1966; Summers 
et ai, 1998). Improvement in soil CEC due to fly ash addition has also 
been observed by Deshmukh et al. (2000). Thus above results also 
confirm the present findings of increment of CEC due to addition of fly 
ash to soil. 
The results of the present study reveal that fly ash application to 
soil increased the WHC and porosity with respect to the levels. Pathan et 
al. (2003) also observed WHC three times higher in fly ashes than those 
of the soils. They advocated that this was due to changing texture of soil, 
which increases WHC. Shinde et al. (1995) reported that fly ash addition 
even at very low level (7.5%) increased the porosity of soil. Sulphate and 
chloride contents are found in fly ash greater than soil, so these contents 
were increased in all the levels of fly ash application to soil in this study. 
Khan et al. (1997) also found same trend of increment in the contents of 
sulphate and chloride. 
From the literature, it appears that nitrogen is absent in fly ash 
(Khan and Khan, 1996; Pathan et al, 2003; Singh et al, 1997) or in little 
amount (Bhattacharya and Chattopadhyay, 2002). In the present study 
also, the available nitrogen was found in very low amount (15 mg/kg) in 
fly ash as compared to soil (95 mg/kg). Thus by increasing the levels of 
fly ash caused deficiency of nitrogen in soil. The concentrations of 
available phosphorus and potassium were increased gradually in soils as 
levels of fly ash were increased. Because these elements were present in 
sufficient quantity in available form in fly ash (32.5 mg P/kg and 57.2 mg 
K/kg) as compared to soil (11.5 mg P/kg, 51.7 mg K/kg). Pathan et al. 
(2003) also reported that extractable phosphorus in the fly ash was 20 to 
88 fold higher than in the soils of Australia. They also reported the 
significant percentage of potassium in fly ash. Khan and Khan (1996) 
have also observed the high percentage of these elements in fly ash 
amended soils. Similarly, other elements Mg, Zn, Mn and B in available 
form were also present in significant percentages in fly ash than soil. 
Thus, their levels were also increased as levels of fly ash increased in the 
soil. Similar trends in increment of these elements in fly ash amended 
soils have also been observed by Berman et al. (1999), Hammermeister et 
al. (1998) and Khan and Khan (1996). 
After harvesting, the pH of soil was increased in all the treatments 
as compared to before planting. This might be due to addition of water for 
irrigation till termination of experiments. The tap water had pH 7.2 as 
compared to pH 6.79 of soil. However, EC and CEC were decreased after 
harvesting as compared to before planting in all the treatments. This 
might be due to uptake of elements by the plants. Eary et al. (1990) and 
Pathan et al. (2003) also reported that increasing or decreasing EC and 
CEC are depend on the concentrations of elements present in soil or fly 
ash. The pore space was reduced due to addition of water as well as the 
development of root systems and tubers, which forced the particles to 
arrange compactly. Thus water holding capacity was also reduced. The 
sulphate, chloride and magnesium were increased in all the treatments 
even after harvesting. This was actually due to presence of sufficient 
amount in tap (irrigation) water (6.0 mg S /I, 22 mg CI /I and 5.12 mg Mg 
/I). About 10-12 litres water was used between the start and the end of the 
experiments. The available N was absent in all the treatments because it 
was present in less quantity. But whatever amount was available, that was 
taken up by the plant. However, P, K, Zn, Mn and B concentrations were 
also reduced due to absorption by the plant. Although the concentration 
of K was high in water but plant required more amounts for their healthy 
growth, thus it was decreased in soil after harvesting of potatoes. When 
the concentrations of all the considered elements in available form were 
calculated, it was observed that the sum of amount after harvesting + 
amount taken up by potato plant was equal to the sum of amount before 
planting + amount present in water. Thus the less concentrations of 
elements after harvesting were the amounts actually taken up by the 
plants. These results also confirm the findings of Chang et al. (1989), 
Salter and Williams (1967), Sharma et al. (1990) and Upadhyay (2004). 
The soil application of fly ash at lower levels (up to 25%) was 
found beneficial for the plant growth, yield and plant biomass of potato in 
the present study. The highest growth, yield and plant biomass were 
obtained at 15% fly ash level. The increment in plant growth and yield by 
application of fly ash have also been reported earlier in a number of crops 
like bottle gourd, Brassica juncea, cabbage, chickpea, corn, cucumber, 
groundnut, lentil, Linum usitatissimum, maize, okra, radish, rice. 
soyabean, sunflower, tomato, wheat, etc. (Khan, 1989; Khan and Khan, 
1996; Kulshreshtha, 1995; Mishra and Shukla, 1986; Raghav and Khan, 
2002; Singh, 1989; Singh, 1993; Singh and Singh, 1986a; Upadhyay and 
Khan, 2002; Upadhyay, 2004). However, the responses of various crops 
were different to different levels of fly ash (10-50%). Srivastava et al. 
(1995) observed that lower level (10%) gave the greatest root and shoot 
length, number of leaves, leaf area, root weight, root : shoot ratio, and 
leaf carotenoid and chlorophyll a and b contents of Lactuca sativa crop. 
The highest yield of soyabean was obtained in the treatment receiving 
10% (w/w) fly ash (Lai et al, 1996). The better growth and yield of 
chickpea was obtained at 40% fly ash by Siddiqui et al. (2000). Soil with 
20% fly ash amendment improved the dry matter and yield of collard 
greens and mustard green crops (Menon et al., 1990). Sarangi and Mishra 
(1998) found 15% fly ash as an appropriate level for groundnut, 
ladyfmger and radish. Rengifo et al. (1996) showed that 20% level of fly 
ash was best for the improvement of Capsicum and tomato. Sahu and 
Dwivedi (1999) reported that 25% fly ash was usefial for Vigna mungo 
and 50% for okra. 
After thorough study of different fly ashes, Pathan et al. (2003) 
suggested that the moderate rates (5 to 10% w/w) of fly ash may be the 
most appropriate for use in fields. Application of fly ash up to 10% in soil 
had significant improvement in the growth and yield performance of 
sunflower crop over control but at 15% level there was downward effect 
(Kene et al, 1991a). Singh and Singh (1986b) found the good results in 
rice plants at 10 and 20% fly ash levels, but 30% led to a decrease in 
yield of rice. Similarly in the present study, onwards 25% level; there was 
gradual reduction in plant growth, yield and plant biomass. These results 
showed that the available nutrients present in fly ash were beneficial at 
certain levels for utilization of a particular plant species. From the 
analysis of soil, it also appeared that every element was in increasing 
order except nitrogen. Physical properties also favourably increased. But 
at 15% fly ash level, all these physico-chemical properties favoured 
maximum to potato crop. This might be due to the genetic makeup of 
potato crop, which has its tolerance limit at this level. After that the 
absorbed elements acted as phytotoxic elements and thus retarded the 
growth and yield of potato gradually as levels were increased. Recently, 
Pathan et al. (2003) reached to conclusion that fly ash may provide a 
source of extractable P and increase CEC. Thus, amendment of soils with 
fly ash, in combination with appropriate management regimes, potentially 
may increase crop production by increasing water holding capacity and 
aid in the retention of nutrients in the root zone. 
Photosynthetic pigments were increased gradually up to 25%) level, 
highest being at 15%) level of fly ash, after that these were declined in the 
present study. Photosynthetic pigments were also found high at lower 
levels of fly ash in chickpea, cucumber, lentil, pea, soybean, tomato, etc. 
(Khan etal, 1997; Kulshreshtha, 1995; Pasha, 1990; Singh, 1989; Singh, 
1993). At 15%) level, the plant produced healthy and greater number of 
leaves, which were darker than leaves of other levels. The photosynthetic 
activity of potato plants might iiave enhanced at this amendment level 
resulting better growth and productivity due to high chlorophyll contents. 
Kleinkopt et al. (1976) also advocated that any change in efficiency of 
photosynthetic machinery ultimately affects the amount of 
photosynthates, which steers the growth of the plant. Higher 
concentrations of substrate salt and trace elements at higher levels of fly 
ash generally reduce photosynthesis (Singh, 1993). Increasing levels of 
fly ash caused the deficiency of nitrogen in soil, which led to reduction in 
uptake by plants, because fly ash has very low amount of nitrogen. Thus, 
whatever available nitrogen was present in soil that was taken up by 
plants. The uptake of P and K by plants was high at 15% fly ash level. 
Sims et al. (1995) observed that amendment of fly ash increased the soil 
phosphorus from 13 to 34 mg/kg at 20-30% levels, which enhanced plant 
growth. Pathan et al. (2003) also reported that high levels of extractable P 
in some ash samples supports the notion that fly ash may provide plant 
available P, this being one mechanism by which growth of clover on 
sandy soil may have been enhanced by amendment with fly ash 
(Summers et al, 1998). Application of fly ash at 10 t/ha recorded the 
highest uptake of NPK as compared to 5 and 15 t/ha fly ash (Bhaisare et 
al, 2000). Singh and Singh (1986a) observed that NPK levels were 
higher in grain and straw of wheat plants when grown with low level 
(20%) of fly ash. These studies show that uptake of elements depends 
upon the type of plant species involved. 
In this study, there was reduction in protein contents at all the 
levels as compared to control. The amount of protein is based on the 
availability of nitrogen in soil, which is negligible in fly ash amended 
soils. Low protein contents and reduced nitrate reductase activity were 
recorded by Gupta et al. (2000). Upadhyay (2004) also found the low 
amounts of protein contents in oilseed crops grown beyond 15% fly ash 
level. Thus above findings also confirm the present result. However, 
carbohydrate contents were increased up to 25% level. The higher 
amount of carbohydrate contents at 15% level in the present study was 
perhaps due to increment in rate of photosynthesis, which led to 
improvement in plant growth and ultimately in carbohydrate contents. 
Similar results were also obtained by Upadhyay (2004) in B. juncea and 
L. usitatissimum. From the discussion it appears that the 15% level of fly 
ash is the most suitable level for the improvement of potato crop. 
Foliar application of fly ash adversely affected the potato crop. The 
plant growth, yield, plant biomass, photosynthetic pigments, NPK 
concentrations of plants, protein and carbohydrate contents of tubers oiS. 
tuberosum were decreased in all the doses. Actually fly ash formed a 
layer of different thickness on the surface of leaves and stem of potato 
depending upon the doses, which caused physical injuries, small necrotic 
dark brown spots on leaves. Similar symptoms have also been observed 
on the leaves of many vegetables like cabbage, green beans, tomato, 
turnip, vines and lemon trees grown near a fossil fuel burning power 
plants (Khan et a/., 1991; Pasha et al, 1990). 
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Thick layer of fly ash interferes with incidence of light and thus 
retards the photosynthesis (Mishra and Shukla, 1986). Reduction in 
chlorophyll content at high dusting rate is attributed to the alkalinity 
caused by excessive soluble salts on the leaf surface (Elseewi et aL, 1980) 
and also to increase foliar temperature, which retards chlorophyll 
synthesis (Mark, 1963). Chlorophyll may be destroyed in the cells under 
a thick fly ash cover. Reduced photosynthetic pigments perhaps caused 
less preparation of food in the leaves and insufficient supply of food 
material to plant, which led to reduction in all the growth parameters. 
Ultimately, all other parameters like yield, plant biomass, protein contents 
and carbohydrate contents were reduced. Thus foliar application of fly 
ash was not found beneficial for the potato crop. 
Reduction in number and size of stomata as well as length and 
width of stomatal aperture were observed by foliar application of fiy ash 
in the present study. This can be viewed as self-defense mechanism of 
plants to reduce the entry of pollutants. Similar results in reduction of 
number and size of stomata have been observed in plants grown near the 
polluted sites (Khan and Khan, 1993, 1994; Singh, 1989). However, no 
evidence of stomatal plugging by fly ash particles was detected in maize 
and bean leaves by Krajickova and Mejstrik (1984). Thus, plugging 
depends upon the type of stomata present on the leaves of particular plant 
species. 
Interestingly, the number and length of trichomes of potato leaves 
were increased. The stimulation of trichomes formation and increment in 
size by foliar application of fly ash might be a morphological adaptation 
of potato plant against the particles present on the leaf surface, in order to 
avoid plugging of stomata. Khan and Khan (1993, 1994) have also 
observed that smoke pollution containing particulate matters stimulated 
the production and development of trichomes on eggplant and tomato. 
Levin (1973) has already advocated that the stimulatory effect of air 
pollutants on trichomes may be considered as a morphological adaptation 
in response of a stress, because trichomes provide an outer line of 
physical defense mechanism against toxic gases and particulate matter. 
This hypothesis particularly looks appealing in higher doses where 
concentration of fly ash was high and leaves contained longer trichomes 
in higher number in order to keep the particulate matter away from the 
leaf surface. 
SECTION -II (BRICK KILN DUST) 
Brick kiln dust is a second major particulate air pollutant after fly 
ash in India. It contains mixture of ashes (coal + wood) and dust particles 
(soil + sand). Due to presence of ashes, its composition was found similar 
to fly ash with little variations in physico-chemical properties. The pH, 
EC, CEC, WHC and pore space were increased gradually with respect to 
brick kiln dust level in soil. Because the elements present in ashes 
enriched the soils, and dust particles increased the pore spaces, as dust 
contains mostly sand particles, which are used during the preparation of 
raw bricks and are detached during combustion. However, above 
parameters were slightly lower than fly ash, except pH and pore space. 
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This might be due to the changing chemistry and texture of soil, which 
slightly differs with fly ash. Recently, Upadhyay (2004) has also 
observed the similar results in these parameters of brick kiln dust 
compared to fly ash. Since composition of brick kiln dust is similar to fly 
ash, the sulphate, chloride, phosphorus, potassium, magnesium, zinc, 
manganese and boron were gradually increased but their concentrations 
were less than fly ash. However, nitrogen concentration was greater than 
fly ash amended soil because its concentration in brick kiln dust is greater 
than fly ash. Similar results have also been observed by Upadhyay 
(2004). 
After harvesting of S. tuberosum, all the physico-chemical 
properties of brick kiln dust amended soil were less in respective 
parameters as compared to before planting, except pH, sulphate, chloride 
and magnesium because their concentration were greater than before 
planting. The increment in these parameters was due to the addition of 
water (irrigation), which contains all theses elements. Concentration of 
nitrogen was nil in all the levels of amended soil, except at 50% level and 
in control. The reductions in the concentrations of the elements were due 
to the absorption of these elements by the potatoes. When concentration 
of elements in the available form were calculated, it was observed that the 
sum of amount before planting + amount present in water were equal to 
the sum of amount after harvesting + amount taken up by plants. These 
results also collaborate with Upadhyay (2004). 
In the soil application of brick kiln dust, the length, fresh and dry 
weights of root and shoot, fresh and dry weights of tubers, plant biomass, 
photosynthetic pigments, P and K concentrations of plants and 
carbohydrate contents of potato tubers were increased upto 40% brick 
kiln dust levels, however, all parameters were highest at 25% level. 
While, Raghav and Khan (2002) observed that 15% level of brick kiln 
dust was best for tomato plant. Upadhyay (2004) reported that the growth 
of B. juncea and L. usitatissimum were best at 45% level of brick kiln 
dust. These studies indicate that the different plant species require the 
macro and micro nutrients at a particular limit, beyond that the elements 
become harmful. Thus plants start to decline. This may be due to their 
different genetic make-up. Addition of brick kiln dust increased the 
physico-chemical properties, which had favourable effect on plants. 
Actually the amount of NPK in the soil are much more, as 148 mg 
N/lOOg reported by Nelson and Sommers (1972), 80-350 mg N/lOOg by 
Purakayastha and Katyal (1998); 200-2000 mg P/kg by Brady (1974), 
705-1400 mg P/kg by Delgado and Torrent (2000); 1800 mg K/kg by 
Khan and Khan (1996). However, plant available NPK are very very less 
in soil that ranged 25-350 mg N/kg (Sahrawat, 1982), 10-20 mg P/kg 
(Delgado and Torrent, 2000), 49-147 mg K/kg (Purakayastha and Katyal, 
1998). Elseewi et al (1981) suggested that EC is positively correlated 
with pH that affects the concentration of soluble cations and anions, 
which are available to plants at certain level. The physical and chemical 
properties of brick kiln dust at 25% level were found best for increasing 
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the plant growth, yield, photosynthetic pigments, biomass and 
carbohydrate contents of potato in the present study. 
After 25% level, the above parameters were declined gradually 
with respect to levels. This might be due to more absorption of elements, 
which acted, as phytotoxic in subsequent levels. The gradual decline in 
plant growth, yield and other parameters was also attributed probably due 
to increased alkalinity and salinity, caused by higher levels of sulphate 
and chloride in amended soils. Actually higher amount of Mn, Zn and B 
and other elements (not analyzed here) became phytotoxic to potato crop. 
Similar trends in reduction at higher levels have also been observed in B. 
juncea and L. usitatissimum by Upadhyay (2004). Similar to fly ash at 
higher levels, brick kiln dust also caused deficiency of nitrogen in soils. 
Deficiency of nitrogen might have adversely affected the protein content, 
because it is a part of protein synthesis (Devlin and Witham, 2000). 
Foliar application of brick kiln dust adversely affected the plant 
growth, yield, biomass, photosynthetic pigments, NPK concentration of 
plants and protein and carbohydrate contents at all the doses. The 
negative effect might be due to the dust particles that completely covered 
the leaves, which disturbed the incidence of sunlight by acting as light 
screens. Reduced chlorophyll contents, number and size of stomata, 
length and width of stomatal aperture might have acted as limiting 
factors. The plugging of stomatal aperture by brick kiln dust, deformation 
of guard cells and malformation of subsidiary cells might have inhibited 
gaseous exchange. Thus the formation of thick layer on leaves affected 
negatively and consequently reduced the photosynthesis, which 
ultimately affected the plant growth, yield and biomass of potato crop. 
Reduction in photosynthetic pigments in all dusting rates may be due to 
salinity caused by excessive soluble salts on the leaf surfaces (Aitken and 
Bell, 1985). Similar foliar application results have also been observed 
with fly ash, cement dust and other particulates in trees like Azadirachta 
indica, Prosopis cineraria and Tamarindus indica (Swaminathan et al., 
1989); and crops like Brassica campestris (Shukla et al., 1990), 
Helianthus annuus (Borka, 1980), maize (Sree Rangaswamy and 
Jambulingam, 1973) and wheat (Singh and Rao, 1981). The increment in 
number and size of trichomes might be in response of defence from the 
brick kiln dust. 
SECTION -III ( C E M E N T D U S T ) 
India is one of the major producer countries of the cement in the 
world. The dust originated from the factories are creating a big problem 
to vegetation in and around the factories. Its harmful effects have already 
been recognized on many crops. However, its extent of potential on 
potato crop was realized for the first time in the present study. Actually 
cement dust contains oxides of calcium, potassium and sodium with 
lesser amounts of silica, aluminium, iron, manganese, magnesium, 
chloride and sulphur (Saravanan and Appavu, 1997). And due to its 
solidifying nature, the physico-chemical properties of soil were changed 
greatly and differed with those of fly ash and brick kiln dust. 
The pH, EC and CEC were increased. The increased pH of cement 
dust amended soil has also been observed by Czaja (1966), Pajenkamp 
(1961) and Stratmann and Van Haut (1956). The EC and CEC were 
influenced due to presence of various compounds. However, WHC and 
pore space were decreased gradually with increase in the level of cement 
dust. This might be due to the presence of silica and calcium oxide in 
cement dust, having the property of solidification, which decreased the 
porosity and consequently WHC. 
Unlike fly ash and brick kiln dust; sulphate, chloride, N, P, K, Mg, 
Zn, Mn and B concentrations were decreased gradually with respect to 
the levels. All the above elements were either present in less amount or 
absent in cement dust. 
After harvesting of S. tuberosum, all the physico-chemical 
properties of cement dust amended soil showed similar trend of 
increasing order in pH, EC, CEC and decreasing order in WHC and pore 
space as these were in case of before planting, but their values were less 
in respective parameters as compared to before planting, except the 
values of pH, which were greater than before planting. The 
concentrations of N, P, K, Mg, B and sulphate were increased, while 
chloride, Zn and Mn were decreased. This happened (1) due to the 
presence of some of these elements in water (used for irrigation), and (2) 
due to the uptake or refusal of some of elements by the plant. 
Cement dust was reported to be harmful to vegetation in California 
as early as 1910 (Peirce, 1910). In the present study, the soil application 
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of cement dust was found harmful to potato crop. Growth, yield, biomass, 
photosynthetic pigments, NPK concentrations of plants, protein and 
carbohydrate contents were reduced. The reductions were directly 
proportional to the levels of cement dust in soil. Above 25%, all the 
levels became so phytotoxic that plants could not be survived. This might 
be due to the presence of silica and calcium oxides and other elements in 
higher amount in cement dust. Thus, these elements completely changed 
the physico-chemical characteristics of the soil, which affected the 
mineral availability for metabolism of potato plant. Moreover, solidifying 
property of cement dust also played important role in reducing the root 
system because tubers need sandy soil for expansion, instead of solidified 
soil, which ultimately led to poor growth of plant, especially the yield. 
Gunamani et al. (1989) also advocated that dry cement dust is less 
deleterious; in the presence of moisture, it solidifies into a hard adherent 
crust, which can damage plant tissue and inhibit growth. Inhibitory 
effects of cement dust on biomass and other parameters have also been 
noticed in B. campestris (Shukla et al, 1990), cotton (Oblisami et al, 
1978), maize (Parthasarthy et al, 1975), and wheat (Singh and Rao, 
1981). 
Similarly, in foliar application, all the doses of cement dust were 
found harmful to potato crop in the present study. All the growth and 
yield parameters, biomass, photosynthetic pigments, NPK concentrations 
of plants, and protein and carbohydrate contents were reduced. Similar 
results were also found earlier by Darley (1966), when cement dust was 
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applied in concentrations of 0.6 to 3.8 g/m^ to bean leaves for eight to ten 
hours period for two to three days. He found that the average CO2 
exchange was reduced over 30 per cent due to dusting of cement. Prasad 
and Inamdar (1990) have reported that accumulation of cement kiln dust 
on plant surface of Vigna mungo reduced the number and size of flowers, 
which finally affected the yield to a great extent in the dusted plants. A 
reduction in transpiration rate, chlorophyll content and productivity of the 
wheat plants due to cement dust pollution was also observed by Singh 
and Rao (1981). Prasad et al. (1991) observed the stomatal clogging, 
reduction in growth, phytomass and net primary production, decrease in 
level of protein, amino acids, starch, sugars and phenols in Cajanus cajan 
plants by the application of cement dust. The number of pods per plant 
and seeds per pod were reduced in mustard plant when sprayed with 
cement dust (Shukla et al., 1990). In Oryza sativa, number and size of 
panicles and seed weights were highly reduced (Raza et al., 1989). 
The length, size and number of stomata as well as length and width 
of aperture of stomata on lower and upper surfaces were badly affected 
due to foliar application. This might be due to the presence of toxic 
compounds in the dust. Effects of cement dust on leaf cuticle and 
stomatal behaviour have already well worked out on many crops. The 
chemicals altered the stomatal structure and ontogeny (Gupta, 1992; 
Kasat, 1979; Sharma and Murthy, 1985; Vidhu et al., 1985). 
Transpiration rate of cement dusted plants declined at all stages of growth 
(Singh and Rao, 1981), possibly due to decreased stomatal and cuticular 
transpiration of encrusted leaf surfaces. Interestingly, the trichomes 
number and size of trichomes were increased. These might be developed 
in response of defense with the external factor, which was nothing but the 
cement dust. 
From the discussion, it appears that the physico-chemical 
properties of fly ash and brick kiln dust were almost similar with slight 
variations in their elemental levels. While physico-chemical properties of 
cement dust were totally different. The soil application of fly ash and 
brick kiln dust at lower levels were found beneficial for potato crop. The 
highest growth, yield and biomass were occurred at 15% and 25% levels 
of fly ash and brick kiln dust respectively. While foliar application in all 
the doses of fly ash and brick kiln dust were harmfiil for this crop. 
However, both soil application as well as foliar application of cement 
dust at all the levels were found harmful to potato crop. 
Thus, it may be recommended that fly ash and brick kiln dust at 
15% and 25%) levels respectively, can be exploited as non-conventional 
fertilizers for soil application in fields for the growth and productivity of 
potato crop. Other crops should also be tested. This way, disposal 
problem of these particulate pollutants may also be solved. While, 
cement dust should not be used at any cost for any crop. However, its 
escape from the sources should be strictly avoided. 
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SUMMARY 
Application of fly ash to soil (0, 5, 10, 15, 20, 25, 30, 40 and 50% 
levels) changed the physico-chemical properties of the soil. When fly ash 
mixed soil in different proportions before planting of S. tuberosum was 
analyzed; the physico-chemical properties viz. pH, EC, CEC, WHC, pore 
space, sulphate, chloride, phosphorus, potassium, magnesium, zinc, 
manganese and boron were found to be increased gradually and 
significantly with the increasing levels of fly ash. While, nitrogen was 
gradually decreased with the increasing levels of fly ash. In post harvest 
analysis of soil, the pH, EC, CEC, WHC, pore space, chloride, 
magnesium, zinc, manganese and boron were increased gradually at all 
the levels. However, sulphate, phosphorus and potassium were first 
decreased up to certain levels, then increase in subsequent levels. 
Nitrogen was recorded (1.5 mg/kg) only in control. 
In soil application of fly ash (0, 5, 10, 15, 20, 25, 30, 40 and 50% 
levels), the plant growth, yield, biomass, photosynthetic pigments, 
carbohydrate contents, potassium and phosphorus concentrations of 
plants were increased significanfly upto 25% fly ash level and highest 
increase was recorded at 15% level. Then gradually all these parameters 
were declined. However, nitrogen concentration of plants and protein 
contents of tubers were decreased in all the treatments. 
In foliar application of fly ash, the plant grov^h, yield, biomass, 
photosynthetic pigments, NPK concentrations of plant, and protein and 
carbohydrate contents of potato were declined gradually and significantly 
in all the doses of fly ash (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 g/mVday), 
except in 0.25 g/m^/day dose, where all these parameters were non-
significant. The epidermal characters of leaves viz. number and size 
(length and width) of stomata, and size (length and width) of stomatal 
aperture on both the surfaces were also decreased in all the doses of foliar 
application. While, trichomes number and length were increased with the 
increasing doses of fly ash. 
The physico-chemical properties of brick kiln dust amended soil (0, 
5, 10, 15, 20, 25, 30, 40 and 50% levels) before planting of potato, 
showed that the pH, EC, CEC, WHC, pore space, sulphate, chloride, 
phosphorus, magnesium, zinc, manganese and boron were increased as 
levels were increased. While, nitrogen and potassium were decreased at 
all the levels. After harvesting of potato crop, all the different 
compositions of brick kiln dust applied soil were again analyzed. The 
pH, EC, CEC, WHC, pore space, sulphate, chloride, zinc and boron were 
increased with respect to levels. Nitrogen was recorded only in control 
(1.5 mg/kg) and at 50% level (3.5 mg/kg). However, phosphorus and 
magnesium were decreased gradually upto 30% level and potassium as 
well as manganese upto 40% level, and then they increased in subsequent 
levels. 
In soil application of brick kiln dust (0, 5, 10, 15, 20, 25, 30, 40 
and 50% levels), the plant growth, yield, biomass, photosynthetic 
pigments, carbohydrate contents, and phosphorus and potassium 
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concentrations of plant were increased significantly upto 40% level and 
highest increase was recorded at 25% level. However, nitrogen 
concentration of plant and protein content of tubers were decreased 
gradually as levels were increased. 
In foliar application of brick kiln dust, all the above parameters 
were declined gradually as the doses were increased (0.00, 0.25, 0.50, 
1.00, 2.00 and 4.00 g/m /day). None of the doses was found beneficial for 
the crop. The epidermal characters of leaves viz. number and size (length 
and width) of stomata, and size (length and width) of stomatal aperture on 
both the surfaces were decreased in all the doses of foliar application. 
While, trichomes number and length were increased with increasing 
doses of brick kiln dust. 
When cement dust was applied to soil (0, 5, 10, 15, 20, 25, 30, 40 
and 50% levels), the physico-chemical properties viz. pH, EC, and CEC 
were increased with respect to the levels. Whereas, WHC, pore space, 
sulphate, chloride, nitrogen, phosphorus, potassium, magnesium, zinc, 
manganese and boron were decreased gradually as the levels were 
increased. After harvesting of S. tuberosum the physico-chemical 
properties of ccmQui dust amended soil were differed in their properties. 
The pH, EC, CEC, sulphate, nitrogen, phosphorus, potassium and 
magnesium were increased at all the levels, while WHC, pore space, 
chloride, zinc and manganese were decreased at all the levels. However, 
boron was increased upto 20%, and then declined in subsequent 
treatments. 
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The soil application of cement dust (0, 5, 10, 15, 20, 25, 30, 40 and 
50% levels) badly affected the plant growth, yield, biomass, 
photosynthetic pigments, NPK concentrations of plant, and protein and 
carbohydrate contents of tubers of S. tuberosum. After 25% level, the 
plants could not be survived. Most of the parameters could not be 
observed after 20% level. 
Similarly, in foliar application of cement dust, all the above 
parameters were declined significantly and gradually as the doses were 
increased. The epidermal characters of leaves viz. number and size 
(length and width) of stomata, and size (length and width) of stomatal 
aperture on both the surfaces were decreased in all the doses of foliar 
application. While, trichomes number and length were increased with the 
increasing doses of cement dust. 
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